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Abstract
 DNA barcoding involves sequencing a standard region of DNA to be used as a tool for 
rapid species identification. The cytochrome C oxidase gene (COXI) is widely accepted as the 
standard barcode for animals and currently there is no barcode for land plants. The Consortium 
for the Barcode of Life (CBOL) has proposed two regions of DNA to be used as a dual-locus 
barcode. In this study I examine the two proposed barcoding regions, ribulose-1,5-bisphosphate 
carboxylase/oxygenase (rbcL) and maturase K (matK) for their ease of amplification, 
discrimatory power, and sequence quality in Jatropha curcas, Jatropha podagrica, Latuca sativa, 
and Arabidopsis thaliana. I found that the rbcL gene in J. curcas and the 3’ end of L. sativa met 
the three criteria for DNA barcoding. The matK gene was unamplifiable in all plants used in this 
study. The rbcL gene is a good candidate for use as a DNA barcode based on its discriminatory 
power and sequence quality while more efforts are needed to find an alternative to the matK 
gene.
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 The Consortium for the Barcode of Life (CBOL) is an international organization 
supporting the establishment of a DNA barcode for plants and aims to contribute to the global 
standard and collaborative movement in DNA barcoding. The DNA barcode uses a select set of 
gene sequences to assign unknown individuals to a species (Moritz and Cicero 2004). The 
process of DNA barcoding compares a reference library of genes of a known species to the 
organism of unknown origin to determine the degree of similarity between the two. A DNA 
barcode for any species is akin to a barcode assigned to a product in a supermarket. It serves the 
same function of identifying a specimen. Barcoding is not for phylogenetic resolution but simply 
to identify unknown species or to reveal inconsistencies between molecular variation and current 
perceptions of species boundaries (Moritz and Cicero 2004). Botanists are not the only potential 
users of DNA barcoding, as the technique can be useful to scientists from other fields as well, 
e.g. forensic science, biotechnology, food industries, and animal science (Valentini 2008). As 
more and more genome sequences are being added to public databases such as GenBank, use of 
barcodes can help facilitate the design of universal primers for PCR based gene amplification 
and gene sequences to identify an unknown organism. Occasionally, databases can contain 
mistakes and inaccuracies causing distortion of the end results (Demkin 2009). The sequences 
containing mistakes are often corrected by other scientists examining the same query.
 The efforts of CBOL in standardizing a region of DNA for barcoding can have a valuable 
impact for ecologists since barcoding databases are collecting not only the gene sequences, but 
also the primer sequences, taxonomic information, place and date of collection, and specimen 
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images.  Figure 1 shows the process of DNA barcoding and its uses.  Taberlet (2007) describes 
five criteria for an ideal DNA barcoding system:
 
Figure 1. The process of DNA barcoding from initial collection to sequence analysis from http://
www.barcodeoflife.org/content/about/what-dna-barcoding. 
 
1. The gene sequences should be nearly identical among individuals of the same species, but 
different between different species.
2. The proposed barcode should represent select, mutually accepted genes from the same 
genome.
3. The target DNA region should contain enough phylogenetic information to easily assign 
unknown or not yet ‘barcoded’ species to their taxonomic group (genus, family, etc.).
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4. The proposed barcode should be extremely robust, with highly conserved priming sites for 
reliable DNA amplifications and sequencing. This is particularly important when using 
environmental samples, where each extract contains a mixture of many species to be 
identified at the same time.
5. The target DNA region should be short enough to allow amplification of degraded DNA. 
Usually, DNA regions longer than 150bp are difficult to amplify from a degraded DNA 
sample.
 
 For animals, the standard region of DNA for barcoding is a 658 base pair mitochondrial 
gene, cytochrome c oxidase I (COXI). Hebert et al. (2003) found that sequence divergences at 
the COXI regularly enabled the discrimination of closely allied species in all animal phyla. 
Except for Cnidaria, which has lower COXI divergences than any other phylum used in this 
study. In another study, Hogg and Hebert (2004) evaluated sequence diversity of the COXI gene 
to resolve differences among species of Collembola. The Collembola examined represented all 
major families found in the Arctic. Members of 14 genera and 19 species were examined and all 
the organisms were successfully discriminated to the species level with sequence divergences of 
less than 1% and at the genus level with greater than 8% sequence divergence. This study 
showed that DNA barcoding can be a useful tool for identifying species of Collembola using the 
mtDNA COXI gene. In most land plants, the mtDNA COXI is not suitable for DNA barcoding 
because the mitochondrial genes in plants evolve too rapidly to allow for accurate discrimination. 
Barcoding of nuclear DNA (inherited from both parents) would provide more information than 
chloroplast DNA (cpDNA), but chloroplast DNA is easier to sequence without cloning and is 
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less likely to occur in multiple copies when compared to the nuclear genome (Chase et al. 2005). 
Nuclear DNA also exhibits high rates of substitutions, which makes referencing unknown 
species difficult. 
 Similar to Taberlet, CBOL selected three criteria for finding a proposed DNA barcode for 
land plants: Universality, i.e. which loci can be easily sequenced from land plants; Sequence 
quality and coverage, i.e. which loci will produce bidirectional sequences with no or few  
ambiguous base calls; and Discrimination, i.e. which loci will allow most species to be 
distinguished from one another (CBOL Plant Working Group 2009). From a pool of various 
laboratories, they retrieved sequence data of 907 samples representing 445 angiosperms, 38 
gymnosperms, and 67 cryptogam species. Using these samples, they evaluated 7 possible 
sequence candidates: four are parts of coding genes (matK, rbcL, rpoB, and rpoC1) and the other 
three are the noncoding spacer regions (atpF-atpH, trnh-psbA, and psbK-psbI). From these 7 
loci, two short coding regions of cpDNA (matK and rbcL) have been selected as proposed DNA 
barcodes by the CBOL Plant Working Group (2009). On average, 72% of plant species can be 
distinguished using a two-locus barcode. By using the same two locus barcode for known species 
in the same geographic region, a greater degree of discrimination is possible approaching 100% 
in some cases (Chase and Fay 2009). 
Chloroplast
 The well conserved chloroplast genome is the starting point for many research studies  
involving plants. Chloroplasts are photosynthetic organelles that provide essential energy for 
plants and algae and are believed to have originated through endosymbiosis between a 
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photosynthetic bacterium and a non-photosynthetic host (Stit 2010). Chloroplasts, also known as 
plastids, contain hundreds of different proteins that carry out a variety of metabolic functions 
involving starch metabolism, biosynthesis of amino acids, chlorophyll, fatty acids, etc., in 
addition to their primary involvement in photosynthesis (Palmer 1987). A single cell in leaves 
contains anywhere from 400 -1,600 chloroplasts. The angiosperm chloroplast genome varies 
little in size, structure, and gene content, ranging from 135 to 160 kilobases (kb). Chloroplast 
genomes contain a large 20 - 30 kb inverted repeat, which divides the remainder of the genome 
into two regions, one large single copy (LSC) and one small single copy (SSC) region. Most of 
the genes within the chloroplast genome code for photosynthetic proteins, while the remainder 
are transfer RNA or ribosomal RNA genes. In the 1980s, an explosion of data resulting from two 
parallel and complementary developments occurred: (1) the intensive sequencing and 
characterization of 10 chloroplast genomes (six angiosperms, a bryophyte, and three algae), 
culminated in the complete sequencing of the three land-plant genomes, and (2) the physical and 
partial gene mapping of more than 1,000 different chloroplast genomes addressing issues of 
genome and plant evolution (Palmer 1991). As of 2013, there are approximately 115 species of 
plants whose chloroplast genome sequences have been completed. Among this group, Nicotiana 
tabacum, Latica sativa, Oryza sativa, Spinacia oleracea, and Arabidopsis thaliana have served 
as model organisms in plant molecular biology.
 In 1988, Jeffrey Palmer and his colleagues, while studying chloroplast genomes of 
different plants, found that swelling or shrinkage of the chloroplast genome was occurring 
primarily in the non-coding inverted repeat regions. They also found a correlation between the 
size of the genome and the size of variation in inverted repeats (Palmer 1988). Smaller genomes 
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had fewer numbers of repeats whereas the larger genomes such as Geranium had inverted repeats 
as large as 76 kb. Changes in the genome complexity of a chloroplast can occur by mutations 
involving the addition of new sequences and deletion of existing ones, rather than by the gradual 
drifting of repeated elements that eventually become a single large copy. A vast majority of the 
length polymorphisms are short, ranging from 1 to 10 base pair sequences in non-coding regions. 
Large scale changes in inverted repeats are less-frequent and is detectable through restriction-
fragment length polymorphisms (RFLPs) and involves the additions or deletions of 50 to 1200 
base pairs (Fazekas 2008). 
 The chloroplast genome is generally smaller than that of mitochondrial or nuclear 
genomes. Land plant cpDNA evolve more slowly and rarely undergoes internal rearrangement 
when compared to mitochondrial and nuclear DNA. This is contrary to its relative abundance in 
relation to size of the mitochondrial and nuclear DNA (Palmer 1991). The conserved genome of 
cpDNA combined with its smaller size suggests that the chloroplast genome may be evolving 
under strong constraints to prevent or eliminate any unnecessary changes in sequences. Cullis 
(2005) suggests that one possibility of this phenomenon is that the plants with smaller 
chloroplast genomes efficiently reject additional DNA by either not incorporating or by rapidly 
removing DNA sequences which then migrates to the nucleus as part of an overall strategy to 
maintain a small genome. In some cases cpDNA can migrate to the nucleus with the help of 
cpDNA encoded proteins. This size constraint is further exemplified by non-photosynthetic 
flowering plants whose plastid genomes have eliminated most or all of their photosynthetic 
genes (Palmer 1991). 
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 Chloroplast DNA is a large component of total cellular DNA and has a conservative rate 
of nucleotide substitution. These slow rates of molecular evolution are ideal for plant studies at 
or beyond the family level. The characteristics discussed above make the chloroplast genome a 
viable platform for phylogenetic related studies. Chloroplast genomes are not the only genome 
from which we can derive genetic information for analysis. Nuclear and mitochondrial genomes 
can also be used. Although the latter genomes are not desirable because of higher rates of 
mutations, internal rearrangement, and larger genome sizes.
Chloroplast vs Mitochondrial & Nuclear Genomes
 Mitochondrial and nuclear genomes are larger than chloroplast genomes, which can 
potentially increase inaccuracy and cost of sequencing. Mitochondrial DNA (mtDNA) also 
evolves very rapidly in comparison to cpDNA. In 1988, Palmer and colleagues reported that 
mitochondrial and chloroplast genomes contain two sets of vital genes. The first set of genes 
encode many proteins crucial to the fundamental bioenergetic processes of the cell, and the 
second set encodes the components necessary for gene expression. Given the importance of these 
genes, Palmer entertained the idea that these highly valuable processes would change very 
slowly over the course of evolution, unlike animal mtDNA which evolves very rapidly. Although 
sequence comparisons of several plant mitochondrial genes suggest a much lower rate of point 
mutations in plant mitochondria than animal mitochondria, point mutations in plant mitochondria 
are still higher when compared with point mutations rates in the chloroplast genome. Thus, the 
mitochondrial genome is less reliable for intra-specific studies in plants. 
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 Nuclear genomes are closely intertwined with the chloroplast DNA. That is the nucleus 
controls the synthesis of many proteins found in the chloroplast (Cullis 2009). In a sexually 
reproducing diploid, one allele at each locus in the nuclear genome comes from the mother and 
the other allele comes from the father, which is known as biparental inheritance. But not all 
DNA is inherited equally from both parents. Mitochondria and chloroplast DNA are inherited 
from one parent and are found outside the cell nucleus. Biparental inheritance can be dismal for 
barcode analysis as the genetic make-up is inherited from two sources compared to chloroplast 
genomes which come from a single source. Nuclear genomes also are more difficult to work with 
because they have high rates of nucleotide substitutions and deletions as well as high rates of 
gene rearrangement (Zhang 1996).  
 The completed genome sequences of Arabidopsis thaliana and Oryza sativa have helped 
researchers search for evolutionary evidence of the transfer of genes from the original 
endosymbiont to the nucleus. The proteins encoded by the Arabidopsis nuclear genome that are 
closely related to proteins encoded by the chloroplast genomes (44 plastid genes) of other species 
as identified by the Arabidopsis Genome Initiative provides evidence for genetic transfer 
between the chloroplast and the nuclear genomes (Cullis 2009). The genes missing from the 
Arabidopsis chloroplast genome but present in the nucleus are presumed to represent organelle-
to-nuclear gene transfers which occurred sometime after the divergence of the organelle-
containing lineages (Cullis 2009).
 The use of DNA based identification of species has increased in the past decade. DNA 
barcoding is one of the emergent methods for identification of unknown species and to 
distinguish between various clones within the same species (CBOL Plant Working Group 2009). 
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Although the animal kingdom has a standard DNA barcode in place, there is no such standard for 
land plants. 
Maturase K
 The first of the two DNA barcoding regions proposed by the CBOL Plant Working Group 
is the Maturase K (matK) gene of the chloroplast genome. The matK gene, formerly known as 
orfK, is approximately 1500 base pairs long and is located within the intron of the chloroplast 
gene trnK on the large single-copy section adjacent to the inverted repeat (Hilu and Liang 1997). 
A homology search of the putative ORF’s gene product showed that the amino acid sequence at 
the carboxyl end is similar to portions of maturase-like polypeptides and might be involved in 
splicing group II introns (Neuhaus and Link 1987). Open reading frames of 509 codons of matK 
were first characterized in tobacco, Nicotiana tabacum L., (Sugita et al. 1985). A slightly longer 
reading frame of 524 codons was later found in mustard, Sinapis alba L., (Neuhaus and Link 
1987). The presence of matK in the parasitic Epifagus, a taxon that has lost approximately 65% 
of its chloroplast genes, speaks for the functional significance of the matK gene (Hilu and Liang 
1997). The gene matK has also been effective in addressing many systematic questions in various 
species.
 For DNA Barcoding, the matK gene has evolved at a higher rate than most of the other 
genes within cpDNA currently used in plant systematic studies. Olmstead and Palmer (1994) 
reported that out of 20 genes used in molecular systematics, matK had the highest nucleotide 
substitution rate. Johnson and Soltis (1994) reported that the matK gene evolves approximately 
three fold faster than the rbcL gene. Comparing eleven complete sequences representing multiple 
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families and nine partial sequences representing monocot families from GenBank, Hilu and 
Liang (1997) showed that matK had a relatively high rate of substitution in the conserved regions 
of the gene. They ultimately concluded that the relatively conserved 3’ region and the less 
conserved 5’ region provided two sets of characteristics that can be used to discriminate between 
and within species. In terms of amplification, a sequencing success of 85-88% was found for the 
matK gene region through the use of up to 10 combinations of primers or with more 
sophisticated chemistry at the amplification stage (Piredda 2011). 
 Maturase K is the most rapidly evolving plastid coding region and regularly shows high 
levels of discrimination (CBOL Plant Working Group 2009). In contrast to the reports by others 
who found that the matK gene region was difficult to amplify (Wicke 2009), the CBOL Plant 
Working Group reported that 90% of the angiosperms tested in 2009 were successfully 
distinguished from one another using a single primer pair to amplify and sequence the matK gene 
(CBOL Plant Working Group 2009).  The transition-transversion ratio for matK gene sequences 
was calculated to be 1.25, which is lower than the expected value of 2.0 for relatively recently 
diverged sequences and exceeds the value by 0.4 for highly substitution-saturated sequences 
(Homquist 1983). The higher rate of substitution, reasonable size, and higher level of 
discrimination underscore the usefulness of the matK gene for DNA barcoding purposes.
Ribulose-1,5-bisphosphate carboxylase/oxygenase
 The 1400 base pair Ribulose-1,5-bisphosphate carboxylase/oxygenase gene, also known 
as RubisCO or rbcL (L=large subunit), is responsible for fixation of carbon dioxide in plants. The 
enzyme RubisCO consists of eight identical chloroplast-encoded large subunits and eight small 
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subunits (Clegg 1993). RubisCO is the most abundant protein found on earth and can comprise 
up to 50% of the total soluble protein found in leaf tissue (Tabita 2007). This gene is responsible 
for the first steps in photosynthesis in plants and algae and has been well conserved throughout 
evolution. Some chloroplast-encoded genes are interrupted by introns but this is not the case with 
RubisCO, which illustrates one of several important advantages of the rbcL gene (Clegg 1993). 
 Another advantage of using the rbcL gene as a DNA barcode is its ability to be used as a 
two locus barcode with the gene matK. Using matK as one of the dual barcodes can allow for 
better intra-specific species studies because of its higher rate of variability, while rbcL will allow 
for higher discriminatory power between species because of its conserved nature. Direct 
estimates of nucleotide substitution rates for rbcL confirmed this (Zurawski 1984). Because of 
the conserved rate of nucleotide substitutions, universal primers which should be applicable to 
nearly all flowering plants can be constructed for use in the polymerase chain reaction (PCR). 
 Hasebe and colleagues (1994) obtained rbcL sequences from the chloroplast genome of 
Pteridophytes, vascular plants that have the greatest loss of phylogenetic information because of 
their long evolutionary history. Two phylogenetic trees were developed by the neighbor-joining 
method and the parsimony method using rbcL gene sequences from 58 species representing 
almost all families of the Leptosporangiate ferns. These two methods produced almost identical 
phylogenetic trees, which gave three new insights into the evolutionary trends of 
Leptosporangiates: 1) two morphologically distinct heterosporous water ferns, Marsilea and 
Malvinia, are sister genera; 2) the tree ferns (Cyatheaceae, Dicksoniaceae, and Metaxyaceae) are 
monophyletic; and 3) polyploids are distantly related to the Gleichenioids in spite of the 
similarity in morphologies. This shows that the high rate of conservation in rbcL is important 
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within photosynthetic plants. In addition, sequence variation in the rbcL gene is easily amplified 
by PCR. The CBOL Plant Working Group (2009) found a 90-98% success in PCR and DNA 
sequencing using a single pair of primers in angiosperms. The rbcL gene is capable of providing 
high levels of discriminatory power, which increases the potential of DNA barcoding. 
 Throughout the chloroplast genomes, the rbcL gene is well characterized. With the 
improvements in designing universal primers, discriminatory ability of the rbcL gene sequence, 
and bidirectional sequencing for the elimination of ambiguous base calls (CBOL Plant Working 
Group 2009), rbcL is a valued choice in DNA barcoding schematics. Although not the most 
variable region, it is a frequent component of the best performing multi-locus combinations for 
species discrimination (CBOL Plant Working Group 2009). 
 
Polymerase Chain Reaction
  In 1983, Dr. Kary Mullis successfully invented the process to rapidly amplify a piece of 
DNA called the polymerase chain reaction (PCR) and as a result was awarded the Nobel Prize in 
Chemistry for his work. PCR is performed by isolating the DNA from a sample and then using a 
pair of oligonucleotides, commonly known as primers, to repeatedly amplify target DNA. 
Primers can be anywhere from 15 - 35 base pairs (bp) long and are a necessary starting point for 
DNA synthesis. 
 There are three steps in PCR: denaturation of the DNA, annealing with primers, and the 
extension of the primers. The first step is performed by increasing the temperature of the DNA 
sample to 95°C so that the hydrogen bonds in the DNA break and the double stranded DNA 
becomes a single stranded DNA. The next step involves reducing the temperature between 45 
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and 60°C to allow the primers to anneal to the complementary strand of single stranded DNA. 
The primers will attach to the flanking ends of the target gene sequence. The final step uses 
DNA polymerase and the free nucleotides that have been included in the reaction to build the 
DNA by extending the primers, generally at 72°C. Since each round generates twice the number 
of gene copies, the number of copies of the parental gene increases exponentially with every 
cycle. This process is repeated until an ample amount of DNA is synthesized or obtained, usually 
after 30-35 cycles. Figure 2 shows the polymerase chain reaction cycle.
 
Figure 2. Polymerase chain reaction cycle. The first cycle shows the melting of the two strands 
creating 2 single strands to which primers anneal to followed by extension of the primer to 
synthesize the complimentary strand. Black lines are the complimentary strand and the arrows 
represent primers ( http://www.obgynacademy.com/basicsciences/fetology/genetics/). 
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 A crucial part of PCR is the choice of the primers to be used. There are two classes of 
primers, species-specific and universal (Vanhoutte 2004). Species-specific primers amplify target 
sequences from one species or from possibly a few closely related species and are generally used 
only if the target sequence is known. Although species-specific primers require more work to 
design because preliminary information about the gene to be amplified is needed, these primers 
will decrease the likelihood of amplifying undesirable non-specific DNA (Atkins et al. 2005).
 The universal primers are meant to amplify the same region of DNA in a variety of 
species. This is achieved because homologous sequences in different species often show a degree 
of similarity to one another via a descended ancestral gene. Examples of this homology can be 
seen in databanks such as the National Center of Biotechnology Information (NCBI) and the 
European Molecular Biology laboratory (EMBL). These are large public databases that contain 
thousands of DNA sequences that represent a wide variety of taxonomic groups used for the 
classification of many ancestral and recent organisms. Universal primers are ideal for species 
that lack known sequence data. 
  
Jatropha curcas
 Karl von Linne first classified Jatropha curcas in 1753 and placed the first existence of 
Jatropha around 70 million years ago (Becker and Makker 2008). This plant is the most 
primitive member of the Euphorbiaceae family, which contains 2 subgenera, 10 sections, 10 
subsections, and up to 175 different species (Becker and Makkar 2008). Jatropha curcas, 
commonly referred to as the physic nut, can grow up to 9 meters tall and is native to tropical 
America, but is now found in many tropical and sub-tropical regions throughout Africa and Asia. 
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This dispersal is most likely a result of distribution by Portuguese ships via the Cape Verde 
islands and Guinea Bissau, where Jatropha oil imported from Cape Verde was used for soap 
production and lamps (Heller 1996). Several factors influencing the distribution of J. curcas 
could be its drought resistance, ease of clonal propagation, short maturation period and wide 
range of climatic tolerances. In addition to these highly favorable characteristics, J. curcas is 
capable of maintaining and growing in soils that are unsuitable for traditional agriculture such as 
rocky and sandy soils. 
 The seed oil of Jatropha can be used to make candles and soap, or it can also be used as 
an alternative to petroleum-based diesel fuels in vehicles. The latter use suggests an 
economically attractive trait as a fuel extender because of the increased cost, limited availability, 
increased world-wide consumption, and pollution associated with fossil fuels. The potential use 
of Jatropha oil as a renewable energy source is particularly important for developing countries 
that are exploring substitutes for fossil fuels and have limited economical resources or lack of 
access to fossil fuels. In the United States, the implications of manufacturing Jatropha as an 
alternative to diesel may be more practical due to its ability to better counteract greenhouse 
effects by reducing emissions from motor vehicles. The production of biodiesel from J. curcas is 
not a labor intensive process, does not require any major modifications to a diesel engine, and 
has a historical precedent as the seed oil of Jatropha was used as a diesel fuel substitute during 
World War II (Kumar 2008). 
 In 2003, Pramanik et al. looked into the properties of J. curcas oil as diesel fuel blends in 
compression ignition engines. During this study, blends of varying proportions of J. curcas oil 
and diesel were prepared, analyzed, and compared with the performance diesel fuel in an engine. 
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In addition, they also looked into the effect of temperature on the viscosity of biodiesel. They 
found that 40-50% (v/v) of Jatropha oil can be substituted for diesel with no engine modification 
and no preheating of the blends. The current production of biodiesel from J. curcas requires less 
land per unit of biofuel than does biodiesel produced from ethanol (Youngs 2012). A report 
distributed by Goldman Sachs (Barta 2007) indicated that Jatropha biodiesel could be produced 
at a cost of $43 per barrel, making it competitive with petroleum diesel and placing it below the 
cost of biofuels based on other crops, such as sugarcane ($45 per barrel), corn ($83 per barrel), 
and soy beans ($122 per barrel) as shown in figure 3 (Cooke 2009). Jatropha curcas is an 
inedible crop, whereas using edible crops for biofuel in developing countries could decrease food 
supply. More importantly, J. curcas is capable of growing in soils that are not typically used for 
agriculture. As a result, when used as a source of biofuels, Jatropha does not compete with 
edible food crops which require agricultural land and allows cultivators to utilize lands that 
would otherwise be considered unprofitable. In 2009, King found that China and India had 
approximately 6 million acres of land planted with J. curcas and estimated it would reach over 
23 million acres by 2010 (King 2009). Green Acres Costa Rica, an advanced biofuel plantation 
in Central and North America and leader in the Costa Rican Jatropha Initiative, shows that 
worldwide there are approximately 12 million acres planted and, if this trend continues, more 
than 32 million acres will be planted by 2015, generating an estimate $10 billion 
(Greenacrescostarica.com 2012). Although these estimates vary in different reports, the trend 
towards using more land for J. curcas is evident. 
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Figure 3. Production cost of various biofuel feedstocks reported by Goldman Sachs (Cooke 2009)
Botanical description of Jatropha curcas
 Jatropha curcas is a diploid plant (2n=22) that sheds its leaves during the dry season. 
This deciduous tree can grow readily from cuttings or seeds, although trees propagated by 
cutting show a lower longevity and possess a lower drought and disease resistance than those 
propagated by seeds (Heller 1996). Flowering occurs during the wet season and two flowering 
peaks are seen during summer and autumn. However, since this plant can maintain and grow in a 
wide range of climates, flowering occurs throughout the year when J. curcas is grown in high 
precipitation regions, with dormancy induced by fluctuations in rainfall and temperature/light 
(Heller 1996). The leaves exhibit 5 to 7 lobes with a length of 6 to 15 cm. Jatropha is 
monoecious, the flowers are unisexual, and occasional hermaphrodite flowers can occur (Dehgan 
and Webster 1979). Pollination of J. curcas occurs by insects. It is thought that the heavy 
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perfume, greenish white flowers, versatile anthers, and protruding sexual organs, and copious 
nectar draw insects to this particular plant (Heller 1996). In a setting such as a greenhouse, the 
pollination must be done by hand because greenhouse conditions generally do not promote 
pollination by insects. Seeds are black in color and mature in approximately 3 - 4 months after 
pollination. Some Jatropha plants also contain large amounts of latex. This latex is responsible 
for the anticoagulant and coagulant properties found in species such as J. curcas and J. 
podagrica. For example, investigation of the coagulant activity of the latex from Jatropha 
showed that while whole latex significantly reduced the clotting time of human blood, diluted 
latex prolonged clotting time (Zhang et al. 2009). In addition, Jatropha latex contains a 
proteolytic enzyme, curcain, which has been demonstrated to have wound-healing properties 
(Makkar and Becker 2009).
Toxic properties of Jatropha curcas
 J. curcas has both toxic and non-toxic varieties. The toxic version is found in South and 
Central America, Africa, and Asia (Pamidimarri 2009). The recently identified non-toxic version 
of J. curcas is found in Mexico and efforts for cultivating non-toxic versions of J. curcas have 
been underway (Pamidimarri 2009). The main agent responsible for the Jatropha toxicity is the 
high concentration of phorbol esters present in the seed (Makkar 1997). On average, 70% of 
phorbol esters are retained in the oil and the rest is found in the deoiled kernel meal (Makkar and 
Becker 2009). Methanol extract of Jatropha oil containing phorbol esters has been shown to 
have strong insecticidal and pesticidal effect against various organisms (Makkar and Becker 
2009). When ingested, seeds of the toxic version of J. curcas can cause purgative effects (Becker 
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and Makkar 2008). Although humans rarely consume the seeds of J. curcas, there have been 
incidences of J. curcas nut poisoning in humans after accidental consumption of the seeds, 
resulting in symptoms such as giddiness, vomiting, diarrhea, and in severe cases, death (Becker 
and Makkar 1998). Similar purgative effects are seen in animals after consumption, which is one 
reason why farmers grow J. curcas as natural hedges around agricultural land to detour invasive 
animals from eating their crop.  
Other uses of Jatropha curcas
 The byproduct of Jatropha oil extraction is a nutrient rich seed cake. This seed cake can 
be valuable as organic manure and would simultaneously serve as a biopesticide/insecticide. 
Seed cake obtained from the toxic J. curcas cannot be used for animal feed (Pamidimarri 2009), 
but it is possible to reduce the toxicity of the meal by chemical treatments (Martinez-Herrera 
2006). Figure 4 shows the use of J. curcas at various stages during processing.  
 
 Figure 4. Jatropha curcas - The present uses for the plant (provided by: chemicallygreen.com)
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 The hardiness and rapid growth of J. curcas makes it a prime candidate for erosion 
control and land reclamation. Jatropha also has many medicinal properties, such as treatment of 
skin diseases, reduction of inflammation, treatment of malaria, use as a contraceptive, healing of 
wounds, soothing of coughs, and inducement of abortion (Gubitz et al. 1999). However, few of 
these properties have been carefully studied. Jatropha curcas is a multi-purpose plant that has 
tremendous benefits for the use as an alternative form of biodiesel, as well as serving to provide 
a wide range of uses at the global and local levels. 
 With the emergent importance of oil from Jatropha curcas as a renewable source of fuel, 
ways to identify particular traits, family histories, and genetic information are important. Without  
basic genetic information involving the mechanistic approaches in cultivating this multi-purpose 
crop, the maximum profit will be difficult to achieve. DNA barcoding provides a simple and fast 
approach to obtain valuable information needed for the proper enhancement of J. curcas. 
Information such as genetic comparisons, taxonomic classification, morphological differences, 
family histories, and geographical data are collected and deciphered from the actions of DNA 
barcoding.
Goals of this study
 Two proposed barcoding regions, rbcL and matK, were used to examine Jatropha curcas, 
Jatropha podagrica, Latuca sativa, and Arabidopsis thaliana. The first goal of this study was to 
design primers for the rbcL and matK genes based on the A. thaliana chloroplast genome 
(NC_000932.1), and Primer3 software. This was done to introduce internal controls by way of 
overlapping primer pairs and to use a widely referenced organism in plant studies to determine 
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primer universality. The second goal was to amplify both gene sequences with the designed and 
published primers recommended by CBOL to compare the product obtained with the primers 
used by other scientists. The third goal was to amplify the whole gene sequence of rbcL using a 
single set of modified primers as it has been shown that in some cases multiple pairs of primers 
must be used to amplify whole gene sequences (Kress 2007). The last goal was to use the 
primers with other plants whose chloroplast genome is sequenced and available on GenBank and 
compare the results with the known sequences on GenBank. The reason for doing this was to 
assure that the sequences obtained were of high quality. I hypothesized that both rbcL and matK 
gene regions can be amplified by PCR with relative ease. Sequence comparisons of the amplified 
gene product with those stored in GenBank, would allow me to determine sequence similarities. 
Sequence matching of 90% or greater of the nucleotide positions will allow for discrimination 
between two species or 2 genera. 
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II. Materials and Methods
 Jatropha curcas seeds were obtained from Dr. Prakash H. Bhuta. A single J. podagrica 
plant was donated by Brian Green from Spokane Community College Spokane, WA. When the 
plant was received, it was in its juvenile stage approximately one month after germination. 
Arabidopsis seeds were obtained through the EWU Biology Department. Jatropha curcas, 
Jatropha podagrica, and Arabidopsis thaliana plants were grown in the greenhouse at Eastern 
Washington University (EWU) Cheney, WA. The greenhouse temperature averaged between 
68°F and 75°F. Latuca sativa leaves were collected at a local grocery store one the day prior to 
PCR amplification. DNA was amplified by PCR using my designed primers and the published 
primers recommended by CBOL to compare the quality of sequences obtained using the 
described primers. Henceforth, the primers I designed using Primer3 are referred to as ‘designed’ 
primers and the primers synthesized using published sequences from CBOL are labeled as 
‘published’ primers. The ‘modified’ rbcL primers consist of a combination of the forward 
published primer and reverse designed primer of primer pair 4. 
Primer Design
 The designed primers used in this study were generated using Primer3 (version 0.4.0) 
based on the gene sequence of A. thaliana obtained from GenBank for both rbcL [NC_000932.1 
(54958..56397)] and matK [NC_00932.1 (2056..3570)] (table 1). The first set of designed 
primers was constructed in 4 different pairs spanning the 1400 bp region of rbcL. The second set 
of designed primers consisted of 4 different pairs spanning the 1500 bp region of matK. These 
primers designed from the Arabidopsis chloroplast genome sequence were constructed to allow 
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for an overlap of regions at the beginning and end of each primer, which acted as an internal 
control of DNA sequencing. After sequencing the amplicon obtained with overlapping primers, 
eg. primer pair 1 and primer pair 2, the 3’- end sequence of primer pair 1 (forward) should be 
identical to the sequence obtained with primer pair 2 (reverse). The primers were also designed 





































Table 1. Primers based on the sequence of Arabidopsis thaliana (NC_000932.1). Forward
 primer (F) and reverse primer (R). 
 
 The published primers for rbcL and matK were selected from previous literature (CBOL 
Plant Working Group 2009; Hilu and Liang 1997) and designed using Primer3. Published primer 
sequences are described in table 2. The published rbcL primers targeted a 634 bp region within 
the rbcL gene. The matK primers MG1 and MG15 targeted a 2600 bp region which included the 
trnK exons that flank the matK gene on each end. The primers matK5 and matK7b targeted a 300 
bp region within the matK gene. The product obtained from the published primers were 
sequenced and the results compared to the sequence of the amplicons obtained using my 
designed primers. 
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CBOL rbcL Product Size
rbcLaF F: ATGTCACCACAAACAGAGACTAAAGC 634
rbcLajf634R R: GAAACGGTCTCTCCAACGCAT 634
Hilu and Liang matK Product Size
matK5 F: CGATCCTTTCATGCATT 300
matK 7B R: GTATTAGGGCATCCCATT 300
MG1 F: CTACTGCAGAACTAGTCGGATGGAGTAGAT 2600
MG15 R: ATCTGGGTTGCTAACTCAATG 2600
Table 2. Previous literature primers (CBOL Plant Working Group 2009; Hilu and Liang 1997). 
 Control primers accompanying the Phire Plant kit targeted a 300 bp control DNA 
fragment in plants. This control was used to ensure that the PCR reaction was working properly. 
The control primers are shown below in table 3. 
Phire Plant Control Product Size
CP1 F: AGTTCGAGCCTGATTATCCC 297
CP2 R: GCATGCCGCCAGCGTTCATC 297
 Table 3. Control Primers (Phire Plant Direct PCR Kit by Finnzymes)
 The designed primers were synthesized by Integrated DNA Technologies (Coralville, IA). 
They were dissolved in sterile milliQ water to reach a final concentration of 100 picomoles per 
microliter (= 10x stock solution). Thirty microliters from this stock was added to a separate 1.5 
ml eppendorf tube, followed by the addition of 270 microliters of milliQ water into the same 1.5 
ml eppendorf tube, creating a 1x working solution, making the final concentration to 10 
picomoles per microliter, which was stored at 4°C
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PCR Kits
 PCR using chloroplast DNA was carried out with the Phire Plant Direct PCR kit or 
Clonetech’s Terra Direct PCR kit. The Phire Plant kit by Finnzymes (cat no. F-130) and the 
Clontech kit (cat no. 639269) are designed to carry out PCR directly from harvested plant leaves 
without prior DNA purification. The Phire Plant kit was used as the main kit for PCR 
experiments. The Clontech kit was used to obtained different results. The Phire Plant kit included 
their proprietary Phire Hot Start DNA Polymerase, 2x plant buffer, dNTP’s, sterilized H20, and 
0.5 mm Harris Uni-Core puncher and mat for retrievel of plant tissue. The Clontech kit included 
Terra DNA polymerase and 2x Terra buffer. The preparations for 20 microliter reactions using 
the Phire Plant kit was as follows: 10 micrioliters of 2X Phire Plant PCR buffer, 1 microliter each 
of the forward primer and reverse primer (10 picomoles per microliters), 0.4 microliters of Phire 
Hot Start Plant DNA polymerase, sufficient distilled water to make a final volume of 20 
microliters, and one 0.5 mm punch of plant tissue. The preparation for 20 microliter reactions 
using the Clontech kit was as follows: 10 microliters of 2x Terra PCR buffer, 1 microliter each of 
the forward primer and reverse primer (15 picomoles per microliter), 0.4 microliters of Terra 
DNA polymerase, sufficient distilled water to make a final volume of 20 microliters, and one 0.5 
mm diameter punch of plant tissue.  
 The PCR preparation started by harvesting young bright green leaves 24 hours before the 
start of experiment to reduce the starch content prior to DNA extraction. All the PCR tubes and 
enzymes were kept on ice during preparation. A master mix of the polymerase, buffer, and water 
was created in a sterile 1.5 milliliter eppendorf tube and 18 microliters of this master mix was 
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pipetted into sterilized PCR tubes. One microliter of each primer set (10 picomoles/microliter) 
was added to its respective PCR tube. 
 Plant leaves were sterilized by wiping their surface with 70% ethanol (EtOH) saturated 
paper towel. Once the leaf was dry, a sterile 0.5 mm Harris Uni-Core puncher was used to punch 
a disc from the leaf. The 0.5mm disc was then inserted into a PCR tube. Between each sample, 
the puncher was sterilized by rinsing with 70% EtOH. At the end, each PCR tube had 20 
microliters of enzymes and a 0.5 mm disc of the plant leaf. The tubes were then were placed in a 
TC-572 thermocycler and the thermocycling conditions as described below were applied to 
amplify the target sequence.
Thermocycling Conditions 
 Thermocycling conditions were performed as recommended by the manufacturers of the 
Phire Plant and Clontech kit and is shown in table 4 and table 5, respectively. The published 
primers for rbcL recommended specific thermocycling conditions, which are described in table 
6. For the matK locus, a gradient of annealing temperatures had to be used to determine 
appropriate annealing temperature. These conditions are shown in table 7.
Phire Plant Cycles Time Temp
Initial Denaturation 1 5 min 98°C
Denaturation 30 30 sec 94°C
Annealing 30 45 sec 50°C
Extension 30 45 sec 72°C
Final Extension 1 10 min 72°C
Hold ∞ ∞ 4°C
 Table 4. Thermocycling conditions for Phire Plant Direct PCR Kit (2-step protocol)
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Clontech Cycles Time Temp
Initial Denaturation 1 2 min 98°C
Denaturation 35 10 sec 98°C
Annealing 35 15 sec 60°C
Extension 35 45 sec 68°C
Final Extension 1 10 min 68°C
Hold ∞ ∞ 4°C
Table 5. Thermocycling conditions for Clontech.
Published rbcL Cycles Time Temp
Initial Denaturation 1 4 min 98°C
Denaturation 5 30 sec 94°C
Annealing 5 60 sec 55°C
Extension 5 60 sec 72°C
Denaturation 30 10 sec 94°C
Annealing 30 15 sec 54°C
Extension 30 45 sec 72°C
Final Extension 1 10 min 72°C
Hold ∞ ∞ 10°C
Table 6. Thermocycling conditions for the published rbcL primers recommended by CBOL Plant 
Working Group 2009.
matK Gradient Cycles Time Temp
Initial Denaturation 1 5 min 98°C
Denaturation 30 30 sec 98°C
Annealing Gradient 
(16°C variation) 30 45 sec 58°C
Extension 30 45 sec 72°C
Final Extension 1 10 min 72°C
Hold ∞ ∞ 4°C
Table 7. Thermocycling conditions for matK gradient. (Gradient temperatures in °C: 47.3, 48.1,
 49.4, 50.9, 52.0, 53.3, 54.4, 56.5, 57.4, 59.2, 60.7, 60.8).
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Gel Electrophoresis
 Agarose gels (Fisher Sci cat no. BP160-100) were made with 50 ml of TAE buffer at a 
final concentration of 1%. The gel electrophoresis apparatus was obtained from Owl Separation 
Systems, Inc. (Model B1A class2). Three to five microliters of PCR product were mixed with 2 
microliters of 5x CYBR-Gold in 6x loading buffer from New England Biolabs; this was placed 
in each well of the agarose gel under a thin layer of 1X TAE buffer. The standard 100 bp DNA 
ladder was obtained from New England Biolabs (cat: N0467G). The electrophoresis was carried 
out at a constant voltage of 81 volts and ran until the fastest moving band of the loading dye was 
1 cm away from the opposite end. Gel photos were viewed using a Kodak EDAS 290 UVP 
camera.
Sequencing
 Once the presence of PCR products and their sizes were confirmed by gel 
electrophoresis, the products were purified to remove dNTPs and excess primers using the 
MoBio Ultraclean PCR clean-up kit (cat no. D40505). After the products were purified, they 
were checked once more for purity and size by running them again on a 1% agarose gel as 
described above. Their concentration was calculated by visual comparison with a 100 bp ladder. 
These samples were sent to the University of Washington Biochemistry Department in Seattle, 
Washington for sequencing. Sample preparation for sequencing is described at http://
dnaseq.bchem.washington.edu/bdsf/. Sequencing data was sent back to our lab and the data was 
viewed using BLAST analysis software available on the NCBI website at http://
www.ncbi.nlm.nih.gov/. All sequence data that showed unambiguous sequences were then 
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viewed by Finch TV for visual confirmation and then edited, joined, and aligned using CLC 
Sequence Viewer 6. 
Testing Parameters
 All sets of designed primers and published primers for rbcL and matK were tested against 
Jatropha curcas, Jatropha podagrica, Latuca sativa, and Arabidopsis thaliana leaves using the 
Phire Plant kit. In addition to these primers, modified primers were used to retrieve the entire 
sequence of rbcL. The modified primers consisted of the forward primer from the published 
CBOL study (ATGTCACCACAAACAGAGACTAAAGC) and the reverse primer of primer pair 4 
(GATTGGGCCGAGTTTAATTGC ) from our designed primers. 
 Designed, published, and modified rbcL primers along with designed and published matK 
primers descirbed previously were tested using the Clontech kit only against L. sativa and A. 
Thaliana; the reason for this is explained in the discussion section. Furthermore, the primers 
were tested in silico for their ability to amplify the expected size of product using BLAST 
software. 
Blast Analysis
 Alignments of the rbcL genes were performed using CLC Sequence Viewer 6. For 
sequence analysis using BLAST, I selected the top 5 sequences resulting from sequence 
comparisons against the rbcL gene sequence of J. curcas and other plants used in this study. 
BLAST analysis provided the percent identity of sequences, which is the percentage of 
nucleotides in our sample matched with the nucleotide sequence of referenced genes. For this 
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study, a base call refers to the DNA sequencers’ ability to correctly identify a nucleotide base at a 
given location. Base call quality was determined by Finch TV software. BLAST also provides 
the gaps present in compared sequences. A gap is a space introduced into an alignment to 
compensate for insertions and deletions in one sequence relative to another (NCBI). Included in 
the analysis is how much of the experimental gene covers the referenced gene, also known as 
overall coverage. BLAST analysis also provides the expected value or E-value. The E-value is a 
parameter that describes the frequency of sequence similarity one can “expect” to see by chance 
when searching a database of a particular size (NCBI). The closer the E-value is to zero, the 
higher the significance of the match. Restriction sites of whole gene sequences and complete 
aligned sequences are found in the appendix.
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III. Results
 Rate of successful amplification was determined by the number of successful 





















Pair 1 2/11 18% 0/8 0% 1/12 8% 0/8 0%
Primer 
Pair 2 4/9 44% 0/8 0% 1/16 6% 1/7 14%
Primer 
Pair 3 2/19 11% 0/8 0% 3/13 23% 2/6 33%
Primer 
Pair 4 4/25 16% 1/9 11% 0/11 0% 0/6 0%
Published 












Pair 1 0/4 0% 0/1 0% 0/1 0% 0/2 0%
Primer 
Pair 2 0/1 0% 0/1 0% 0/1 0% 0/2 0%
Primer 
Pair 3 0/4 0% 0/1 0% 0/1 0% 0/2 0%
Primer 




MG15 0/3 0% 0/7 0% 0/3 0% 0/4 0%
Matk5
Matk7b 0/3 0% 0/4 0% 0/3 0% 0/4 0%
Table 8. Number of successful amplifications using the Phire Plant kit. 
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 The second group of experiments were conducted using the Clontech kit to retrieve 
different results because during the latter portion of this research the Phire Plant kit was not 
producing amplicons of the rbcL and matK gene. Jatropha curcas was not used with the 
Clontech kit because sequences were already obtained. Jatropha podagrica was not used for 












Pair 1 n/a n/a n/a n/a
Primer 
Pair 2 0/1 0% 0/1 0%
Primer 
Pair 3 0/1 0% 0/1 0%
Primer 
Pair 4 0/1 0% 0/1 0%
Publish 
Primers CBOL 0/1 0% 0/1 0%
Design/





Pair 1 n/a n/a 0/1 0%
Primer 
Pair 2 0/1 0% 0/1 0%
Primer 
Pair 3 0/1 0% 0/1 0%
Primer 




MG15 0/1 0% 0/1 0%
Matk5
Matk7b 0/1 0% 0/1 0%
Table 9. Number of successful amplification using the Clontech kit.
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Designed rbcL primers against Jatropha curcas using the Phire Plant kit
 Using the designed primers for rbcL, a total of 12/64 (19%) PCR attempts were 
successful in amplifying the target sequence in J. curcas. Primer pair 2 showed the highest rate 
of success (44%) and primer pair 3 showed the lowest success rate (11%) (table 8). Gel 
electrophoresis of the amplified product showed bright bands of the expected product. A higher 
percentage of amplification results were obtained with designed primers with J. curcas than any 
other organism in this study. Figure 5 below shows the primer pairs 1-4 successfully amplifying 
the rbcL gene. The size of an amplicon and correspnding primers used are given in the figure 
legend. 
Figure 5. Designed rbcL primers against Jatropha curcas. From well 3 to well 7: primer pair 1 
at 240 bp (lane 3), primer pair 2 at 450bp (lane 4), 100bp ladder (lane 5), primer pair 3 at 
580bp (lane 6), and primer pair 4 at 690bp (lane 7).  
Published and modified rbcL primers against Jatropha curcas using Phire Plant kit
 The published primers of CBOL and the modified primers successfully amplified the 
rbcL gene in a single attempt: a 634 bp region for the published primers and a 1400 bp gene 
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region for the modified primers (table 8). Figure 6 shows the successful amplification of rbcL 
using the primers from CBOL and the modified primers with an expected size of amplicons. 
Figure 6. Successful amplification of published and modified primers against J. curcas. Lanes 3 
and 4 targeted the 634 bp region (published) while 6 and 7 targeted the whole 1400 bp gene 
(modified). Lane 8 is the postive control and lane 5 is the 100 bp ladder. Lanes 4, 7, and 8 are 
without and sample. 
Designed, published, and modified rbcL primers against L. sativa using Phire Plant kit
 The designed primer pair 3 and 4 were successfully used to amplify the rbcL gene in L. 
sativa. The 5’ end of the rbcL gene was less consistently amplified with primer pairs 1 and 2 of 
L. sativa. The amplicons for primer pairs 1 and 2 were visible on the gel but their concentration 
was too low to sequence. No amplification was achieved using the published or modified primers 
against L. sativa. Figures 7a, 7b, and 7c show the successful amplification of the second half of 
the L. sativa sequence.
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Figure 7a) Lanes 1 through 9 are targeting primer pair 3 (435 bp). 100 bp ladder is shown in 
lane 10. Figure 7b) Lane 2 and 3 are targeting the primer pair 4 (669 bp) and lanes 4 - 9 are 
targeting primer pair 3. 100 bp ladders in lanes 1 and 10. Figure 7c) Lane 1 is a 100 bp ladder. 
Landes 3 - 9 are targeting primer pair 4.
Designed, published, and modified rbcL primers against J. podagrica and A. thaliana using the 
Phire Plant kit
  The designed primers for rbcL failed to produce any detectable level of amplicon with J. 
podagrica (32 attempts) and with A. thaliana (27 attempts). However, of the 27 attempts against 
A. thaliana, three attempts produced very little amplicon giving faint bands on agarose gel, albeit 
the product was of the correct size. Only designed primer pair 2 and pair 3 successfully amplified 
a portion of the rbcL gene of A. thaliana. Although some amplification was achieved, the low 
DNA concentration of A. thaliana could not be used for sequencing. The positive control for 
gene amplifcation included with the PCR kit always showed amplification. Figure 8 shows the 
failure to see any amplification of rbcL in J. podagrica.
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Amplification of matK gene using the Phire Plant kit 
 Neither the designed nor the published primers were able to amplify the matK gene from 
any of the plants tested in PCR. However, the positive control primers once again gave the 
correct size amplicon. I conducted 16 attempts with J. curcas, 15 attempts with J. podagrica, 10 
attempts with L. sativa, and 16 attempts with A. thaliana to obtain amplification of the matK 
gene. Figure 9 shows one example of the unsuccessful amplification of matK in J. curcas using 
designed and published primers. 
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Figure 8. Unsuccessful amplification of 
J. podagrica using the designed rbcL 
primers. Lane 4 and 5 targeted primer 
pair 4 and 3, repsectively. Lane 7 and 8 
targeted primer pair 2 and 1, 
respectively. The 100bp ladder is shown 
in lane 6 and positive control shown in 
lane 3.
Figure 9. Unsuccessful amplification of 
matK locus of J. curcas. Lanes 2 through 
5 represents use of designed primers and 
lanes 7 and 8 show results with primers 
published by Hilu and Liang 1997. A 100 
bp ladder is in lane 6 and the positive 
control is in lane 9.
Unsuccessful amplification using the Clontech kit
 No amplification of the matK gene was seen with any of our designed, published, or 
modified primers with L. sativa or A. thaliana leaves and the Clontech kit. I used L. sativa and A. 
thaliana only because in earlier experiments, J. curcas was successfully amplified and J. 
podagrica showed difficulty of obtainting amplification. 
BLAST results for Jatropha curcas using designed rbcL primers
 The rbcL gene of J. curcas was amplified using the designed primers. Gene sequences 
obtained from their amplicons were joined to create a single strand representing a forward strand 
and a reverse strand. The strand sequence was used for BLAST analysis to find similar 
sequences in GenBank and to determine the quality of the J. curcas gene sequence. Visual 
inspection of the sequence showed conserved regions in both strands using the designed primers 
(figure 10). The top 5 hits, or similar sequences, of the complete forward strand of the rbcL gene 
using the designed primers revealed a high sequence quality (averages: 97.4% identity, 67.6% 
coverage) (figure 11). 
Figure 10. Screen shot of BLAST results showing the conserved regions in rbcL using the 
designed primers against J. curcas. The color key shows the score of the sequence against the 
query. The top 5 lines represent the 5 most similar sequences listed in figure 10.
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Figure 11. Screen shot of BLAST analysis using complete forward strand of rbcL using designed 
primers against Jatropha curcas.
 The top five hits of the reverse strand using the designed primers revealed a high 
sequence quality (averages: 99% identity, 55% coverage) (figure 12). An average of 2 gaps was 
found for both strands.
Figure 12. Screen shot of BLAST analysis using complete reverse strand of rbcL using designed 
primers against Jatropha curcas.
  
BLAST results for Jatropha curcas using published rbcL primers
 The BLAST result of the forward gene retrieved using the published primers revealed a 
high similarity to plants within the Jatropha genus. The forward strand using the published 
primer for the rbcL gene had a high sequence quality (averages: 99% identity, 96% coverage) 
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(figure 13). The BLAST results of the reverse strand using the published primer showed a high 
sequence quality as well (averages: 99% identity, 95.2% coverage) (figure 14). An average of 2 
gaps was found for both strands. 
 Figure 13. Screen shot of BLAST analysis using the published forward primer of the rbcL gene 
sequence against Jatropha curcas.
 Figure 14. Screen shot of BLAST analysis using the published reverse primer of the rbcL gene 
sequence against Jatropha curcas.
BLAST analysis of Jatropha curcas using modified rbcL primers 
 The primers used in this experiment consisted of the published forward primer rbcLaF 
(ATGTCACCACAAACAGAGACTAAAGC) and primer pair 4 of the designed primer 
(GATTGGGCCGAGTTTAATTGC). The forward strand showed high sequence quality 
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(averages: 99% identity, 98% coverage, and 1 gap) (figure15). The reverse strand gave a high 
sequence quality (averages: 98.8%, 97.8% coverage, and 8.2 gaps) (figure 16).
Figure 15. Screen shot of BLAST analysis using the modified forward primer of rbcL against 
Jatropha curcas.
Figure 16. Screen shot of BLAST anaylsis using the modified reverse primer of rbcL against 
Jatropha curcas.
BLAST anlaysis of Latuca sativa using designed rbcL primers
 Only the second half (3’ end) of the rbcL gene sequence in L. sativa was amplifiable 
using designed primers, therefore only the 3rd and 4th primers were joined together after 
sequencing to create a 3’ end portion. The forward strand of this gene revealed high sequence 
similarity to closely related species but an increased number of gaps within the alignment
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(averages: 94.8% identity, 96.6% coverage, and 48.6 gaps) (figure 17). The reverse strand of the 
joined 3rd and 4th rbcL gene region of L. sativa revealed similar sequence quality to the 
published forward primer in J. curcas (averages: 98.8% identity, 97% coverage, and 2 gaps) 
(figure 18).
Figure 17. Screen shot of BLAST anaylsis using designed forward primers for the 3’ end of L. 
sativa.




 DNA barcoding is an effective way to quickly identify unknown species or a member of 
the same genus as shown by my results (figure 10-16). The CBOL Plant Working Group has 
shown that the combination of rbcL and matK gene regions are sufficient to identify species 
(CBOL Plant Working group 2009). Amplification of these gene regions were accomplished with 
little to no modification of their primers. The multi-purpose crop J. curcas has a wide range of 
characteristics of which the production of biofuels from the seed oil it produces holds the most 
practical value. The question of potential barcodes for land plants in combination with the 
features seen in Jatropha curcas has prompted an examination of the proposed barcodes as well 
as obtaining any additional information for J. curcas. My work with J. curcas, J. podagrica, L. 
sativa, and A. thalaiana in the DNA barcoding process is a way to support or oppose the two-
locus barcode set forth by CBOL and to characterize these organisms by fixed gene sequences. I 
found that designed, published, and modified primers for J. curcas were successful in amplifying 
the rbcL gene for sequencing and sequence comparison. Multiple attempts of amplifying the 
matK gene were unsuccessful. Various attempts to obtain amplification involved finding an 
appropriate reannealing temperature, changing the reagent kit used, and using different sized 
leaves as a source of chloroplast DNA. Under all conditions tested the internal DNA control 
supplied with the kit amplified well, indicating that the failures to amplify matK were not due to 
malfunctions of the PCR kit. Although designed primers for rbcL used against the first half of the 
L. sativa gene sequence and A. thaliana showed low levels of amplification, the DNA 
concentrations were too low and prevented further analysis. Similarly, using our modified 
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primers against J. podagrica, only one attempt out of 37 successfully amplified the gene, but 
again, the DNA concentrations were too low for sequencing the amplicon. 
Analysis of designed rbcL primers for Jatropha curcas
 Among the first of four sequences obtained after amplification were used for sequence 
comparison against rbcL genes from GenBank. The 4 primer pairs of the designed primers in J. 
curcas required small adjustments in PCR conditions. Using a fresh working stock of primers 
greatly improved the quantity of PCR product. This was done because the first PCR clean up and 
sequencing for the amplicon obtained with primer pair 3 gave unclear base calls; the 
chromatograph of the sequencing results showed multiple peaks or plateaus at the beginning of 
the sequence instead of a single peak indicating a single nucleotide for a given location. 
Preparing a new working stock of primers can reduce inadequate priming during the annealing 
step in PCR, reducing self-priming and ensuring better amplification. Once new primers were 
made, the second PCR showed a distinct peak for each nucleotide position indicating high base 
call quality of the sequencing data. The entire 1443 bp gene sequence of J. curcas rbcL was 
aligned and joined using CLC Sequence Viewer 6. The sequenced gene consisted of primer pairs 
1, 2, and 4 from the first working stock of primers and primer pair 3 from the second working 
stock of primers. Primer pair 3 from the second working stock was chosen because of better base 
call quality. After combining sequences, BLAST analysis was performed and it was found that 
the top 5 plant genes with 99% sequence similarity were of the closely-related species of 
Jatropha. This is expected since RubisCO evolves at a slower rate and should yield sequence 
comparison results more similar to that of J. curcas. In addition to the sequence similarity, the 
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designed primers of the rbcL gene of J. curcas showed large conserved regions. The 
implementation of overlapping primers and the clean up of sequenced fragments could account 
for the large conserved regions as the trimming of ambiguous base calls will not show up in the 
BLAST alignment. Although only 67% of the reference gene was covered during BLAST, 99% 
of the base calls were present within the BLAST frame of 1443 base pairs. The first hit acetyl-
CoA carboxylase (figure 11) revealed the highest similarity whereas we would expect to see the  
rbcL gene of J. curcas. Currently there is no independent entry for the rbcL gene of J. curcas 
which is why acetyl-CoA carboxylase is seen first. Additionally, the rbcL gene of the whole 
chloroplast genome of J. curcas (figure 11; hit 2) was found within the acetyl-CoA carboxylase 
reference hit (data not shown) revealing the importance of acetyl-CoA in carbon fixation. The 
lack of distantly related species in the top 100 sequence (data not shown) hits suggests that the 
amount and quality of base calls were reliable enough to distinguish J. curcas from other plants 
in GenBank. Appendix 1 shows the fully aligned sequences and restriction sites for both forward 
and reverse single stranded sequences.
Analysis of published rbcL primers against Jatropha curcas
 The published primers used against J. curcas were successfully and easily amplified. This 
could be a result of better primer design by CBOL using high quality reference sequences, 
differences in reagents used, or better pipetting technique. The primers were designed to give a 
634 base pair gene region. The forward primer gave 1003 bases and the reverse primer gave 630 
bases in the alignment. Both sequences were subjected to BLAST analysis individually and 
provided high sequence identity. Similar to the designed primers of J. curcas rbcL, the published 
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primers were able to group closely related species of Jatropha within the first 5 of 100 BLAST 
results. I expected that the BLAST analysis would show similar species within the Jatropha 
genus because of the conserved evolution of rbcL. Further efforts to amplify DNA using this 
primer pair with the Clontech kit were not needed as clear results were obtained fom the first 
PCR run using the Phire Plant kit (figure 6).
Analysis of modified rbcL primers against Jatropha curcas
 The modified primers were a combination of the forward primer of rbcL from published 
primers and the reverse primer from pair 4 of our designed primers for rbcL. This was done to 
retrieve a full length gene sequence of rbcL for J. curcas using a single set of primers. This 
provided good results with very few gaps, coverage of the gene was above 95%, and nucleotide 
identity matches greater than 98% throughout the sequence. This region was also easily 
amplified without modification of the PCR conditions. Alignment of the forward and reverse 
primer worked well, with the forward primer giving 1,065 base pairs and the reverse giving 914 
base pairs. The top 5 sequences matching my results were J. curcas, J. capensis, and J. 
Intergerrima, which suggests this gene is closely related to other species as rbcL evolves slowly. 
The amplification success rate and sequence quality using the modified primers are similar to 
what I found with the published primers showing the sequences obtained using the described 
primers were accurate. Further efforts to amplify DNA using primer pair 4 with the Clontech kit 
was not needed as successful amplification was seen during the first PCR run using the Phire 
Plant kit.  
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Amplifcation of rbcL and matK sequences of Lactuca sativa
 Sequence amplification was obtained with the 2nd half of Lactuca sativa rbcL gene 
(primer pairs 3 and 4) by doubling the amount of template DNA added to PCR preparation. The 
second half of the L. sativa sequences was sent to the University of Washington sequencing 
facility by me and followed the same procedure as previously described. The sequence quality 
was good with the exception of the number of gaps. The number of gaps between the top 5 
sequences showed in similar regions as seen with J. curcas suggesting that the gaps represent 
conserved regions. The sequence also produced a clear chromatogram with distinct single peaks 
for each nucleotide position when viewed with Finch TV.  
 Problems with amplification of the first half of the Lactuca sativa gene of rbcL and matK 
could be because the primers were contaminated during previous experiments. A new batch of 
primers was made to decrease the probability of contamination. Even though a new batch of 
primers was made, primer pairs 1 and 2 did not produce amplicons. This is contrary to the 
successful amplifcation of the rbcL gene sequence using a new working stock of the designed 
primers against J. curcas (primer pair 3). One might question the quality of template DNA used 
as the sample came from the local grocery store in Cheney, WA. Prolonged shelf storage and the 
associated storage conditions could have caused a decrease in the quality of DNA available. The 
published matK primers used against L. sativa in this study did not amplify the matK gene either. 
A PCR gradient for the reannealing temperature of matK was used but did not provide amplicons 
that could be used for sequencing. Unsuccessful amplification in the first half of the rbcL gene 
and the entire matK gene may be due to primer design. It is important to note that the control 
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primers provided for by the Phire Plant kit gave correct fragment sizes during all amplification 
attempts indicating that the reagents from the kit were unspoiled.
Amplification of rbcL and matK sequences of Jatropha podagrica
 Using the designed and published primers against J. podagrica, no amplification was 
obtained. A number of PCR trials were conducted, which yielded no amplicons even after new 
primers were made and a PCR gradient spanning a reannealing temperature range of 16 degrees 
celsius was used with designed primers for matK. This suggests interference by an unknown 
component or a high level of dissimilarity between the primer and collected tissue samples. The 
rbcL gene sequence was also not amplified. One probable cause of the unsuccessful 
amplification of rbcL and matK gene is the large amount of latex seeping out of the punched hole 
of the leaf. Introduction of a foreign contaminant such as latex into the PCR reaction can make it 
unreliable or eliminate amplification. The presence of poly-phenolics together with the high 
polysaccharide content of the latex makes the isolation of high-quality intact nucleic acids 
problematic in addition to complicating extractions and interfering in enzymatic reactions such 
as PCR (Michiels 2003).
Amplification of rbcL and matK sequences of Arabidopsis thaliana
 Primers were designed from the Arabidopsis sequence (gi|7525012). Therefore, the 
sequences of rbcL and matK should have been easily amplified from A. thaliana. No 
amplification was found using the matK primers. After the first three PCR trials using the 
designed primers of rbcL showed little amplification, touchdown PCR was conducted to find the 
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optimal annealing temperature of rbcL and to reduce the rate of non-specific priming. 
Touchdown PCR (TDPCR) works by finding the optimal annealing temperature by gradually 
decreasing the annealing temperature by 1 degree from near the melting point (upper limit) down 
to lower temperatures well beyond traditional annealing temperatures. This method reduces the 
rate of non-specific priming by only allowing very specific base pairing between the primer and 
template. At lower temperatures, primers bind less specifically. This test produced no 
amplification across a 16 degree TD PCR range. One problem encountered during these 
experiments was that Arabidopsis leaves were fresh and small, making it very difficult to prepare 
a leaf disc with the hole punch. The leaves tended to rip rather than produce a clean hole punch, 
which increased the level of extracellular debris and made amplification more difficult. To 
overcome this problem, I extended the time between harvesting and experimentation by drying 
the leaves enough for an accurate collection of template and to reduce starch content. This 
modification continually showed no amplification. Using the Plant Phire kit, the protocol for 
retrieving leaf tissue did not recommend punching through leaf veins. Arabidopsis leaves I used 
were not large and therefore avoiding veins during tissue retrieval were difficult. Since 
Arabidopsis has been studied in depth and serves as a model organisms in plant studies, it is 
unclear why amplification was not seen at higher rates and concentration. One way to avoid 
problems with obtaining appropiate sized leaf disc would be to wait for a longer period after 
planting seeds to let the leaves grow longer.
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Designed, published, and modified primers using the Clontech kit
 When using the Phire Plant kit, the success of amplification in J. curcas rbcl gene 
increased with the modification of newly made primers. The second half of the L. sativa gene 
amplification was easily attainable when the Plant Phire kit was used. The Plant Phire kit was 
used for experiments over a 2 year span and towards the end of the experiment the kit produced 
no amplifications. To obtain results using a different kit the designed, published, and modified 
primers were used with the new Clontech kit (table 9). Designed, published, and modified 
primers were run against L. sativa and A. thaliana. Jatropha curcas was not tested because 
sequence data was already collected and seasonal leaf deterioration made high quality DNA 
retrieval difficult. Jatropha podagrica contained a high amount of latex which was introduced 
into the PCR reaction and produced no amplification. Results showed smearing or no 
amplification in L. sativa and A. thaliana. Possible causes for unsuccessful amplification can be 
due to the need of different thermocycling conditions. The different Clontech protocol 
thermocycling conditions could have affected the annealing temperature of the primers. Attempts 
to find the optimal annealing temperature through touchdown PCR did not produce any changes 
in amplification. We suggest that the smearing is connected with the extracellular debris from the 
collection of template DNA of Arabidopsis and the low quality DNA of L. sativa obtained from 
the grocery store. 
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V. Conclusion
 DNA barcoding provides a way for researchers to identify unknown species using a 
standard region of DNA. The Consortium for the Barcode of Life is proposing two genes to be 
used for DNA Barcode studies. The first of two genes, rbcL, is responsible for the fixation of 
carbon dioxide in the Calvin cycle. The second proposed gene region is matK, which is involved 
with group II splicing introns. This study showed that rbcL can be successfully amplified and 
sequenced with little to no modification in the case of J. curcas. Amplification of the rbcL gene 
was successful in 44% of attempts for one out of four pairs of the designed primers and the 
published primers worked the first time. Multiple runs of the designed rbcL primers eventually 
amplified all of our desired regions. The 3’ end of the rbcL gene of L. sativa was amplifiable 
using the designed primers. The designed primers used against all other plants in this study did 
not produce any amplicons with sufficient amounts of DNA to move forward to sequencing. 
Though the published primers worked well with J. curcas, there was no amplification in J. 
podagrica, L. sativa, and A. thaliana using the same published primers, and in all cases when 
amplification was not achieved, positive control primers gave the correct product size. The rbcL 
gene is a good candidate for DNA barcoding and is capable of identifying unknown species or to 
place it within a family or a genus as shown by BLAST results, but until amplification across a 
variety of plants can be achieved without multiple runs, more work needs to be done in primer 
design.
 One problem with the concept of a universal primer is in the process of tissue sampling. 
In this study, J. podagrica plant produced so much latex that clean uncontaminated PCR 
reactions were nearly impossible to achieve; the one successful amplification produced a low 
52
concentration of DNA. With the amount of classified and unclassified plants in the world 
exhibiting various morphologies, a more accurate way of harvesting leaves and preparation of 
leaf discs needs to be developed. 
 Maturase K was not amplified in any of the tests conducted. Hilu and Liang (1997) have 
reported that matK primers are readily amplifiable and can be useful to create a phylogenetic tree 
for the matK gene sequences. Although 100% amplification success is not realistic, amplification 
should be obtainable with ease and accuracy. In the current study, a PCR gradient test and 
touchdown PCR did nothing to alleviate amplification issues. In some studies, the matK gene 
showed that levels of amplification are lower than other proposed barcodes such as rbcL (CBOL 
Plant Working Group 2009). The matK gene produced inconclusive evidence as to its 
applicability as a DNA barcode; therefore, we suggest that a different gene be considered for the 
two-locus combination barcode.
Future Research
 The current study shows that rbcL can be helpful as a barcode because of its good 
discriminatory value and sequence quality. Although the experiment only worked in J. curcas, 
physical characteristics of the leaves of J. podagrica and A. thaliana played a big part in the lack 
of success in amplifying the gene regions rbcL and matK. I suggest that high quality primers be 
designed and verified by more researchers to support the use of the rbcL gene region as a 
standard DNA Barcode. Though the rbcL gene shows the most promise for DNA barcoding in 
this study, another gene region other than matK should be considered. The continued search for a 
DNA barcode for land plants will result in larger databases of referenced sequences which will 
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support the standardizing of a DNA barcode. In addition to modifications in the process of 
collection and extraction of high quality DNA, different gene regions should be evaluated as a 
dual locus barcode to be used with the rbcL gene. 
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J. curcas rbcL gene alignment using designed primers
- - AGTACACA CGAGACTAAG C- - - - - - AGT GT TGGAT T CA AGGCTGGTGT TAAAGAT TAT AAAT TGACT T AT TATACT CC T
CAAAAAT T TG CCCAGT TACT CT T CCT CAGT GCTGTATGCC CG- CTGCCGT AACAAAGT - T AAAATGACT T AT TATACCCC T
TGAGTAT CAA ACCAAAGATA CTGATAT CT T GGCAGCAT T C CGAGTAACT C CT CAACCTGG AGT T CCGCCT GAGGAAGCAG G
TGAAAAGCAG ACCAACGATA CTGAGATAT T GGCAGCAT T C CGAGTAT CT C CT CAGCCTGT AGT T CCGCCT GAGGAAGGTC G
GAGCTGCGGT AGCTGCTGAA T CT T CTACTG GTACATGGAC AACTGG- TGG ACCGATGGAC GG- - CT CCGT TGCGAAAAAG C
GACCTGCATA AACTGCTGAA T CT T CTACCA CCCCATGAAC AACTGGCTGG T CCGATGGGC GGGAT CCGAT CTGGCAAAGA C
CCCCGACCTA CTACTGGGAT GCTACT TAT T GCACGAT T CA CATACCGAAC AGCGTCAACC T CCCAGGGGG TGCCC- GGGG A
CCGT CAT CT C CAGCACTAT T AT TAT TGTGA ACCCGGT T TA TGGCTACAT C ATGT TGGACC AACCTATGGG TGT CCTGGAG G
AAAT T CCACC CT T CCCAAAG T T T CT TAAAG T CT CT T CACA GGAGGAGCGT GCCCGCTGCA GT T T CAAGGC GGAGTGACT T C
GGT T T T CCT T CT CCCCTGAG TGG- - - GAAG CCTAT C- - - - - - - GGGACCC ACCCGCTA - A ACT T CT TAGC GGAAGCCCAT T
CTGGGACCCA TAAACGCGAT CACCGAACGG TAATAT TGGG TCAT TGT T CT AGCT C- CT CA GCCTGCAT T T C- - GGCGTGA G
T TAGGT T TAA TAGTACAACC CAATAGGGGG CGACCATACT TGT T CAAT T T AT CT CT CT CA ACT TGGATAC CATGAGGCGG C
GTATGGCGAC CT CATAAAGT GAGAACCT CT ACCGCCCCTG GACAGCTGCC TGGAAAT CGG GGGGGCAACG AATGCAAAAG A
CCCT TGGAAA GT T T TAGTAT AAGCAGTAGG GAT T CGCAAA T CCT CCAGAC GTAGGGCGCG TAGGGCT T TG AACCCAAATA C
ACCTAT T T T T CCACTACTAT T T T T TATGT T AGCAA - - GAT T CT T TGCTAG GAAGACAGTA TGGT CGCCCC TAT TGGGT TG T
CAT TACCCA - - CAATGGAAG TAAACATGT T AGTAACCGAA CCT T CT T CAA AAAGGTCTAA GGGGTAAACT AT CTAAGT TG T
TACTAT TAAA CCTAAAT TGG GGCTAT CCGC TAAGAAT TAT GGTAGAGCGG T T TATGAATG T CT T CGCGGT GGACT TGAT T T
TG- - - - - - AA CCGGGTCTAT GGCTACT - - - - - - - - - T CGT GCTGGGCCAC CCTATGTGTG T CCTGGAGGG CTACACCGT C T
T TACCAAAGA TGATGAGAAC GTGAAT T CCC AACC- - - - - - - - AT T T ATGC GT TGGAGAGA CCGT T T CT TA T - - - - - - - - - -
T CCCTGTG- - TGGTAAGCCT T T CGGTGCCC AGGCT CGACG GAAACCACT C T T T CACCCTG CCAT T CCCTA CGCATATGAG C
- - - - - - - - - T T TGTGCCGAA GCAAT T TATA AAG- - - - CAC AGGCTGAAAC AGGTG- - - - - AAAT CAAAGG ACAT TA - - - - -




- - - T T TGAAT GCTACTGCAG GTACATGTGA AGAAATGAT C AAA - - AGGGC TGTAT T TGCC AGAGAAT TAG GAGT T CCTAT C
CCT T T TGAT C AT T T CT T CAC ATGTACCTGC AGTAGCAT T C AAATAATGT C CT T TGAT T T C ACCTGT T T CA GCCTGTGCT T T
CGTAA - - TGC ATGACTACCT AACAGGGGGA T T CACCGCAA ATACT T CCT T GGCT CAT TAT TGCCGTGATA ATGGT - - T T A C
TATAAAT TGC T T CGGCACAA AATAAGAAAC GGTCT CT CCA ACGCATAAAT GGT TGGGAAT T CACGT T CT C AT CAT CT T TG G
CT T CT T CAGA CT CCACCGCG AAAAGACAT T CATAAACCGC T CTACCATAA T T CT TAGCGC ATAGCCCCAA T T TGGGT T TA A
GTAAAAT CAA GT CCACCGCG AA - - GACAT T CATAAACCGC T CTACCATAA T T CT TAGCGG ATAGCCCCAA T T TAGGT T TA A
ATAATACAAC CCAATAGGGC GCGCCCATAA TAGT T CAT TG TGT CT CTAT C AACT TGGATA CGCTGAGGCG AGGTCT - - - - -
AT AGTACAAC CCAATAGGGG GCGACCATAC T TGT T CAAT T TAT CT CT CT C AACT TGGACC AAAGAAGGCG AAAACCT TGT T
- - - - - AT TGC GTGATATG- - - GT T TACT T C T T CACAT T CA CCGCGACCAA CCAT T TGCAT T TACAAAT TA CT CT TAAAGA C
T CCAAAT TGC CT TAAACAAG TGT T CAGT TG T CC- CGT CCA GGACAAAT TA GGGTGGCCCA CTACGAAT TA - T CT CAAAAC C
CTGGGCAT CA AACCT T T TGA TGT T T CT T T C AGG- - - - - T T CCTG- - - CAG TAT CT T CAAA TAA - - - - - T G T CCT T TGAT T T
CTG- - CACCA AACAGTGAT T TGT TAGCAT T GAGAGTCT CT CCTAAGCCAG CACT T CCAGG TAACAAAGTA GACCT TAAT T A
T CCCCTGT T T CAGCCTGAGC T T T CTAAAT T GCT T CGTGAA CAAAT T CCAA ACGGTCT CT C CAACGCATAA ATGGT TGGGA A
AGT T CTGAT T T T T TACCAT C CTATAAAAT T GCTGCCTGGA TACTGT - - - - - - - - - - T T TG T TACGAAT TA T TAAT T - - - - -
ACCCACGT T C CCAT CACT T T TGGTAT TAT C AAGT CCACCT CTAAGACAT T CATAAT CCGC T CTACTACAA CTGT CCT CGG A
- CT TATAT T T CCT CTACTAT T T CT T T TGT - - - - - - - - - - - - - - - - - - - - - - - - - GT CCCC TATATG- - - - - - - - - - - - - - -
AT AGCCCCCA T T T
- - - - - - - - CA GT C
2
J. curcas rbcL gene restriction sites using designed primers (forward strand)
AGTACACACGAGACTAAGCAGTGT TGGAT T CAAGGCTGGTGT TAAAGAT TATAAAT TGACT TAT TATACT CCTGAGTAT CAAACCAAAGATACTGATAT CT TGGCAGCAT T
T T CCGAGTAACT CCT CAACCTGGAGT T CCGCCTGAGGAAGCAGGAGCTGCGGTAGCTGCTGAAT CT T CTACTGGTACATGGACAACTGGTGGACCGATGGACGGCT CCGT TGC
GCGAAAAAGCCCCGACCTACTACTGGGATGCTACT TAT TGCACGAT T CACATACCGAACAGCGTCAACCT CCCAGGGGGTGCCCGGGGAAAT T CCACCCT T CCCAAAGT T T CT
CT TAAAGT CT CT T CACAGGAGGAGCGTGCCCGCTGCAGT T T CAAGGCGGAGTGACT T CTGGGACCCATAAACGCGAT CACCGAACGGTAATAT TGGGTCAT TGT T CTAGCT CC
CCT CAGCCTGCAT T T CGGCGTGAGTATGGCGACCT CATAAAGTGAGAACCT CTACCGCCCCTGGACAGCTGCCTGGAAAT CGGGGGGGCAACGAATGCAAAAGACCTAT T T T T
T T CCACTACTAT T T T T TATGT TAGCAAGAT T CT T TGCTAGGAAGACAGTATGGT CGCCCCTAT TGGGT TGTACTAT TAAACCTAAAT TGGGGCTAT CCGCTAAGAAT TATGGT
GTAGAGCGGT T TATGAATGT CT T CGCGGTGGACT TGAT T T TACCAAAGATGATGAGAACGTGAAT T CCCAACCAT T TATGCGT TGGAGAGACCGT T T CT TAT T T TGTGCCGAA
AAGCAAT T TATAAAGCACAGGCTGAAACAGGTGAAAT CAAAGGACAT TAT T TGAATGCTACTGCAGGTACATGTGAAGAAATGAT CAAAAGGGCTGTAT T TGCCAGAGAAT TA
TAGGAGT T CCTAT CGTAATGCATGACTACCTAACAGGGGGAT T CACCGCAAATACT T CCT TGGCT CAT TAT TGCCGTGATAATGGT T TACT T CT T CAGACT CCACCGCGAAAA
AAGACAT T CATAAACCGCT CTACCATAAT T CT TAGCGCATAGCCCCAAT T TGGGT T TAATAATACAACCCAATAGGGCGCGCCCATAATAGT T CAT TGTGT CT CTAT CAACT T
T TGGATACGCTGAGGCGAGGTCTAT TGCGTGATATGGT T TACT T CT T CACAT T CACCGCGACCAACCAT T TGCAT T TACAAAT TACT CT TAAAGACTGGGCAT CAAACCT T T T
T TGATGT T T CT T T CAGGT T CCTGCAGTAT CT T CAAATAATGT CCT T TGAT T T CCCCTGT T T CAGCCTGAGCT T T CTAAAT TGCT T CGTGAACAAAT T CCAAACGGTCT CT CCA




J. curcas rbcL gene restricton sites using designed primers (reverse strand)
CAAAAAT T TGCCCAGT TACT CT T CCT CAGTGCTGTATGCCCGCTGCCGTAACAAAGT TAAAATGACT TAT TATACCCCTGAAAAGCAGA
GACCAACGATACTGAGATAT TGGCAGCAT T CCGAGTAT CT CCT CAGCCTGTAGT T CCGCCTGAGGAAGGT CGACCTGCATAAACTGCTGA
GAAT CT T CTACCACCCCATGAACAACTGGCTGGT CCGATGGGCGGGAT CCGAT CTGGCAAAGACCGT CAT CT CCAGCACTAT TAT TAT TG
TGTGAACCCGGT T TATGGCTACAT CATGT TGGACCAACCTATGGGTGT CCTGGAGGGT T T T CCT T CT CCCCTGAGTGGGAAGCCTAT CGG
GGGACCCACCCGCTAAACT T CT TAGCGGAAGCCCAT T TAGGT T TAATAGTACAACCCAATAGGGGGCGACCATACT TGT T CAAT T TAT CT
CT CT CT CAACT TGGATACCATGAGGCGGCCCT TGGAAAGT T T TAGTATAAGCAGTAGGGAT T CGCAAAT CCT CCAGACGTAGGGCGCGTA
TAGGGCT T TGAACCCAAATACAT TACCCACAATGGAAGTAAACATGT TAGTAACCGAACCT T CT T CAAAAAGGT CTAAGGGGTAAACTAT
AT CTAAGT TGTGAACCGGGT CTATGGCTACT T CGTGCTGGGCCACCCTATGTGTGT CCTGGAGGGCTACACCGT CT CCCTGTGTGGTAAG
AGCCT T T CGGTGCCCAGGCT CGACGGAAACCACT CT T T CACCCTGCCAT T CCCTACGCATATGAGCCAGGAGTAT T TGCGGTGAAT CCCC
CCCTGT TAGGTAGT CATGCAT TACGATAGGAACT CCTAAT T CT CTGGCAAATACAGCCCT T T TGAT CAT T T CT T CACATGTACCTGCAGT
GTAGCAT T CAAATAATGT CCT T TGAT T T CACCTGT T T CAGCCTGTGCT T TATAAAT TGCT T CGGCACAAAATAAGAAACGGT CT CT CCAA
AACGCATAAATGGT TGGGAAT T CACGT T CT CAT CAT CT T TGGTAAAAT CAAGT CCACCGCGAAGACAT T CATAAACCGCT CTACCATAAT
AT T CT TAGCGGATAGCCCCAAT T TAGGT T TAATAGTACAACCCAATAGGGGGCGACCATACT TGT T CAAT T TAT CT CT CT CAACT TGGAC








J. curcas rbcL gene alignment using published primers
AT CTGCAT CA GCTGGTGT TA AGAT TATAAA T TGACT TAT T ATACT CCTGA GTAT CAAACC AAAGATACTG ATAT CT TGGC AGCAT T CCGA G
GGTGGCAT CG - - - - - - - - - - - - - - - - - - - - T T CT CT CAT - - - - CT T TGGT AAAT CAAGT C CACCGCGAAG ACAT T CATAA ACCGCT CTAC C
GTAACT CCT C AACCTGGAGT T CCGCCTGAG GAAGCAGGAG CTGCGGTAGC TGCTGAAT CT T CTACTGGTA CATGGACAAC TGTGTGGACC G
CATAAT T CT T AGCGGATAGC CCCAAT T TAG G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - T T T AATAGTA CA - ACCCAAT AGGGGGCGAC C
GATGGGCT TA CCAGT CT TGA T CGT TATAAA GGACGATGCT ACGACAT CGA GCCCGT TGCT GGAGAAGAAA AT CAATATAT TGCT TATGTA G
CATACT TGT T CAA - - - T T T A T CT CT CT CAA CT TGGATACC ATGAGGCGGC CCT TG- - - - - - - - - - - GAAA GT T T TAGTAT AAGCAGTAGG G
GCT TACCCCT TAGACCT T T T TGAAGAAGGT T CTGT TACTA ACATGT T TAC T T CCAT TGTG GGTAATGTAT T TGGGT T CAA AGCCCTACGC G
GAT T - - - - CG CAAAT CCT CC AGACGTAGG- - - - - - - - - - - - - - - - - - - - - - - - - - - - GCG CGTAGGGC- T T TGAACCCAA A - - - - T ACAT T
GCCCTACGT C TGGAGGAT T T GCGAAT CCCT ACTGCT TATA CTAAAACT T T CCAAGGGCCG CCT CATGGTA T CCAAGT TGA GAGAGATAAA T
TACCCACAAT GGAAGTAAAC A - - - - - - - - - - - T GT TAGTA ACAGAACCT T CT T CAAA - - - - - - - - - - - - - - - - AAGGT CT AAGGGGTAAG C
T TGAACAAGT ATGGT CGCCC CCTAT TGGGT TGTACTAT TA AACCTAAAT T GGGGCTAT CC GCTAAGAAT T ATGGTAGAGC GGT T TATGAA T
CTACATAAGC AA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T AT AT T GAT T T T CT T C T CCA - - - - - - - - - - - - - - - - - - - - - - - - - - -
T GT CT T CGCG GTGGACT TGA T T T TACCAAA GATGATGAGA ACGTGAAT T C CCAACCAT T T ATGCGT TGGA AAACACCGT T T CAAAAAACA T
- - - - - - - GCA ACGGGCT CGA TGT CGT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - AGCAT CGT C CT T TATAACG A
T TGGTGGGGA AAAAAAGT CC CGCCGAAGAC T T CTAAACCG CT CTACATAA T T CT TAACGG AAAGGCT CAT T T TAGGT T TA ATAGTACACC C
AT - - CAAGAC TGGTAAGCCC - - - - - - - - - - - - - - - - AT CG GT CCACACAG T TGT CCATGT A - - - - - - - - - - - - - - - - CCA GTAGAAGAT T C
CAATAAGGGG CGCCATACT T GT T CAT T TAT CT CT CT CACT TGGATACCAT GACGCGGCCT TGGAAAAAT T T TAGTATACG CGTAGGAT T C C
CAGCAGCTAC CGCAGCT CCT GCT T CCT CA - - - - - - - - - - - - - - - - - - - - - GGCGGAACT C CAGG- - - - - T TGAGGAGT TA CT CGGAATGC T
CAGAT CT CAG ACGTAGGCGC GTAGGGCT TG AACAAATACT T TACCAAAGG AATAACATGT TAGTAACGAA ACT T CT T CAA AAGGTCTAAG G
TG- - - CCAAG ATAT CAGTAT CT T TGGT T TG A - - - - - T ACT - - - - CAGGAG TATAATAAGT CAAT - - - - - - - - - - - - T T AT AAT CT T TAAC A
GGTAAGCTAA TAACAATATA T TGAT T T T CT T CT CGCAAAG GGTCATGT CT AGCAT CGT CC T TATACAAT C AGAACGGTAA ACAT CCGT CA C
ACCAGCCT TG AAT CCAACAC T TGCT T TAGT CT CTGT TGGG GGTAGC- - - - - - - - - - - - - - - - - - - - - AT T AAAAAAG- - - - - - - - - - - - - -
1
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J. curcas rbcL gene restriction sites using published primers (forward strand)
AT CTGCAT CAGCTGGTGT TAAGAT TATAAAT TGACT TAT TATACT CCTGAGTAT CAAACCAAAGATACTGATAT CT TGGCAGCAT T CCGAGTAACT CCT CAACCTG
TGGAGT T CCGCCTGAGGAAGCAGGAGCTGCGGTAGCTGCTGAAT CT T CTACTGGTACATGGACAACTGTGTGGACCGATGGGCT TACCAGT CT TGAT CGT TATAAAGG
GGACGATGCTACGACAT CGAGCCCGT TGCTGGAGAAGAAAAT CAATATAT TGCT TATGTAGCT TACCCCT TAGACCT T T T TGAAGAAGGT T CTGT TACTAACATGT T T
T TACT T CCAT TGTGGGTAATGTAT T TGGGT T CAAAGCCCTACGCGCCCTACGT CTGGAGGAT T TGCGAAT CCCTACTGCT TATACTAAAACT T T CCAAGGGCCGCCT C
T CATGGTAT CCAAGT TGAGAGAGATAAAT TGAACAAGTATGGT CGCCCCCTAT TGGGT TGTACTAT TAAACCTAAAT TGGGGCTAT CCGCTAAGAAT TATGGTAGAGC
GCGGT T TATGAATGT CT T CGCGGTGGACT TGAT T T TACCAAAGATGATGAGAACGTGAAT T CCCAACCAT T TATGCGT TGGAAAACACCGT T T CAAAAAACAT TGGTG
TGGGGAAAAAAAGT CCCGCCGAAGACT T CTAAACCGCT CTACATAAT T CT TAACGGAAAGGCT CAT T T TAGGT T TAATAGTACACCCAATAAGGGGCGCCATACT TGT
GT T CAT T TAT CT CT CT CACT TGGATACCATGACGCGGCCT TGGAAAAAT T T TAGTATACGCGTAGGAT T CCAGAT CT CAGACGTAGGCGCGTAGGGCT TGAACAAATA
TACT T TACCAAAGGAATAACATGT TAGTAACGAAACT T CT T CAAAAGGTCTAAGGGTAAGCTAATAACAATATAT TGAT T T T CT T CT CGCAAAGGGTCATGT CTAGCA
CAT CGT CCT TATACAAT CAGAACGGTAAACAT CCGT CACAT T TGT T CATGT
1
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J. curcas rbcL gene restriction sites using published primers (reverse strand)
GGTGGCAT CGT T CT CT CAT CT T TGGTAAAT CAAGT CCACCGCGAAGACAT T CATAAACCGCT CTACCATAAT T CT TAGCGGATAGCCCCAAT T TAGGT T TAATAGT
GTACAACCCAATAGGGGGCGACCATACT TGT T CAAT T TAT CT CT CT CAACT TGGATACCATGAGGCGGCCCT TGGAAAGT T T TAGTATAAGCAGTAGGGAT T CGCAAA
AAT CCT CCAGACGTAGGGCGCGTAGGGCT T TGAACCCAAATACAT TACCCACAATGGAAGTAAACATGT TAGTAACAGAACCT T CT T CAAAAAGGTCTAAGGGGTAAG
AGCTACATAAGCAATATAT TGAT T T T CT T CT CCAGCAACGGGCT CGATGT CGTAGCAT CGT CCT T TATAACGAT CAAGACTGGTAAGCCCAT CGGTCCACACAGT TGT
GT CCATGTACCAGTAGAAGAT T CAGCAGCTACCGCAGCT CCTGCT T CCT CAGGCGGAACT CCAGGT TGAGGAGT TACT CGGAATGCTGCCAAGATAT CAGTAT CT T TG








J. curcas rbcL gene alignment using modified primers 
ATATGGAT CA CGCTGGTGT T AA - GAT TATA AAT TGACT TA T TATACT CCT GAGTAT CAAA CCAAAGATAC TGATAT CT TG GCAGCAT T CC G
AAAA - - - - - A CGACGT CAT T AGTGGT TACA AAGT - - - - - A T CCAT CGCT T GGAAT T CAAA T T TAAT CT CC T T CCATACT - - - - - - - T CAC A
GAGTAACT CC T CAACCTGGA GT T CCGCCTG AGGAAGCAGG AGCTGCGGTA GCTGCTGAAT CT T CTACTGG TACATGGACA ACTGTGTGGA C
AAGCAGCAGC T - AGT T CAGG ACT CCAT T TG - - - - - - - - - - - - CT AGCCT C ACGGATAAT T T CAT TACCCT CACGAGCAAG AT CACGT CCT T
CCG- - ATGGG CT TACCAGT C T TGAT CGT TA TAAAGGACGA T - - GCTACGA CAT CGAGCCC GT TGCTGGAG AAGAAAAT CA ATATAT TGCT T
T CAT TACGAG CT TGT - ACAC ATGCT T CTAG AGCTACT CGA T TAGCTACGG CACCAGGTGC AT T T CCCCAA GGGTGCCCTA AAGT T CCT CC A
TATGTAGCT T ACCCCT TAGA CCT T T T TGAA GAAGGT T CTG T TACTAACAT GT T TACT T CC AT TGTGGGTA ATGTAT T TGG GT T CAAAGCC C
ACCGAAT TGT AGTACGGAAT CAT CT CCAAA GA- - - T CT CG GT CAGAGCAG GCATATGCCA AACGTGAATA CCT CCTGAAG - - - - - - - - - - C
CTACGCGCCC TACGT CTGGA GGAT T TGCGA AT CCCTACTG CT TATACTAA AACT T T CCAA GGGCCGCCT C ATGGTAT CCA AGT TGAGAGA G
CTACAGGCAA AACACCCGGT AGA- - - GAGA CCCAAT CT TG AGTGAAATAA ATACC- - - - - - - GCGGCT T C GAT CT T T T T C A - - - - - - - - - -
GATAAAT TGA ACAAGTATGG T CGCCCCCTA T TGGGT TGTA CTAT TAAACC TAAAT TGGGG - - - CT AT CCG CTAAGAAT TA TGGTAGAGCG G
- ATAAAAT CA T CACGCA - - - - - - - - - - - - - - - - - GT AAAT CAACAAAGCC CAAAGTGATG T CT CT T T CCC CT T CAAGT T T ACCTACTACG G
GT T TATGAAT GT CT T CGCGG TGGACT TGAT T T T - ACCAAA GATGATGAGA ACGTGAAT T C CCAACCAT T T ATGCGT TGGA GAGACCGT T T C
GTAC- - - - - - - - - - - CAGCG TGAATATGAT CT CCACCAGA CA - - - - - - - A ACGTAACGCC T TAGCTAGT - ACACGAAAAT GCATACCATG A
CT TAT T T TGT GCCGAAGCAA T T - T ATAAAG CACAGGCTGA AACAGGTGAA AT CAAAGGAC AT TAT T TGAA TGCTACTGCA GGTACATGTG A
AT T CT T CTGT CTAT CAATAA CTGCATGCAT TGCGCGGTGA ATGTGAAGAA GTAAAC- - - C AT TAT CACGG CAATAATG- - - - - - - AGCCA A
AAGAAATGAT CAAAAGGGCT GTAT T TGCCA GAGAAT TAGG AGT T CCTAT C GTAATGCATG ACTACCTAAC AGGGGGAT T C ACCGCAAATA C
AGGAAGTAT T TGCGGTGAAT CCCCCTGT TA GGTAGT CATG CAT TACGATA GGAACT CCTA AT T CT CTGGC AAATACAGCC CT T T TGAT CA T
CT T CCT TGGC T - - - - - - - CA T TAT TGCCGT GATAATGG- - - T T T ACT T CT T CACAT T CAC CGCGCAATGC ATGCAGT TAT TG- - - AT AGA C
T T T CT T CACA TGTACCTGCA GTAGCAT T CA AATAATGT CC T T TGAT T T CA CCTGT T T CAG CCTGTGCT T T ATAAAT TGCT T CGGCACAAA T
CAGAAGAAT C ATGGTATGCA T T T T CGTGTA CTAGCTAAGG CGT TACGT T T GT CTGGTGGA GAT CATAT T C ACGCTGGTAC CGTAGTATGT A
TAGAACGGTC T CT CCACGCA TA - - - - - - - A ATGGT TGGGA AT T CACGT T C T C- - - - - - - - - AT CAT CT T - - - - - - - - - - - - - T GGTAAAT C
1
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J. curcas rbcL gene restrictoin sites using modified primers (forward strand)
ATATGGAT CACGCTGGTGT TAAGAT TATAAAT TGACT TAT TATACT CCTGAGTAT CAAACCAAAGATACTGATAT CT TGGCAGCAT T CCGAGTAACT CCT CAACCT
CTGGAGT T CCGCCTGAGGAAGCAGGAGCTGCGGTAGCTGCTGAAT CT T CTACTGGTACATGGACAACTGTGTGGACCGATGGGCT TACCAGT CT TGAT CGT TATAAAG
AGGACGATGCTACGACAT CGAGCCCGT TGCTGGAGAAGAAAAT CAATATAT TGCT TATGTAGCT TACCCCT TAGACCT T T T TGAAGAAGGT T CTGT TACTAACATGT T
T T TACT T CCAT TGTGGGTAATGTAT T TGGGT T CAAAGCCCTACGCGCCCTACGT CTGGAGGAT T TGCGAAT CCCTACTGCT TATACTAAAACT T T CCAAGGGCCGCCT
CT CATGGTAT CCAAGT TGAGAGAGATAAAT TGAACAAGTATGGT CGCCCCCTAT TGGGT TGTACTAT TAAACCTAAAT TGGGGCTAT CCGCTAAGAAT TATGGTAGAG
AGCGGT T TATGAATGT CT T CGCGGTGGACT TGAT T T TACCAAAGATGATGAGAACGTGAAT T CCCAACCAT T TATGCGT TGGAGAGACCGT T T CT TAT T T TGTGCCGA
GAAGCAAT T TATAAAGCACAGGCTGAAACAGGTGAAAT CAAAGGACAT TAT T TGAATGCTACTGCAGGTACATGTGAAGAAATGAT CAAAAGGGCTGTAT T TGCCAGA
GAGAAT TAGGAGT T CCTAT CGTAATGCATGACTACCTAACAGGGGGAT T CACCGCAAATACT T CCT TGGCT CAT TAT TGCCGTGATAATGGT T TACT T CT T CACAT T C
T CACCGCGCAATGCATGCAGT TAT TGATAGACAGAAGAAT CATGGTATGCAT T T T CGTGTACTAGCTAAGGCGT TACGT T TGT CTGGTGGAGAT CATAT T CACGCTGG




J. curcas rbcL gene restriction sites using modified primers (reverse strand)
AAAAACGACGT CAT TAGTGGT TACAAAGTAT CCAT CGCT TGGAAT T CAAAT T TAAT CT CCT T CCATACT T CACAAGCAGCAGCTAGT T CAGGACT CCAT T TGCTAG
AGCCT CACGGATAAT T T CAT TACCCT CACGAGCAAGAT CACGT CCT T CAT TACGAGCT TGTACACATGCT T CTAGAGCTACT CGAT TAGCTACGGCACCAGGTGCAT T
T T T CCCCAAGGGTGCCCTAAAGT T CCT CCACCGAAT TGTAGTACGGAAT CAT CT CCAAAGAT CT CGGTCAGAGCAGGCATATGCCAAACGTGAATACCT CCTGAAGCT
CTACAGGCAAAACACCCGGTAGAGAGACCCAAT CT TGAGTGAAATAAATACCGCGGCT T CGAT CT T T T T CAATAAAAT CAT CACGCAGTAAAT CAACAAAGCCCAAAG
AGTGATGT CT CT T T CCCCT T CAAGT T TACCTACTACGGTACCAGCGTGAATATGAT CT CCACCAGACAAACGTAACGCCT TAGCTAGTACACGAAAATGCATACCATG
TGAT T CT T CTGT CTAT CAATAACTGCATGCAT TGCGCGGTGAATGTGAAGAAGTAAACCAT TAT CACGGCAATAATGAGCCAAGGAAGTAT T TGCGGTGAAT CCCCCT
CTGT TAGGTAGT CATGCAT TACGATAGGAACT CCTAAT T CT CTGGCAAATACAGCCCT T T TGAT CAT T T CT T CACATGTACCTGCAGTAGCAT T CAAATAATGT CCT T
T T TGAT T T CACCTGT T T CAGCCTGTGCT T TATAAAT TGCT T CGGCACAAATAGAACGGTCT CT CCACGCATAAATGGT TGGGAAT T CACGT T CT CAT CAT CT T TGGTA




(2nd half of Latuca sativa rbcL gene using designed primers)
VII.  Aligned Sequences
VIII. Restriction Sites
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L. sativa rbcL gene alignment using designed primers
CTA - - - - - - - - - - - - AAAT T GAAAGTATGG T CGT CCCTGT TGGGTGTACT AT TAAACCTA AAT TGGGGT T AT CCGCTAAA A
CGCCGGCATA TGAGCAGCTA GTAT T TGCAG TGAT CCCCCT GT TAGGTAGT CATGCAT TAC GATAGGAACT CCCAAT T - - - -
AACTACGGCA GAGCTGT T TA TGAATGT CT T CGTGGTGGCC T TGAT T T TAC TAAAGATGAT GAGAACGTGA ACT CCCAACC A
- - CT CTGGCA AA - - - - - - T A TAGCCCT T T T CAT CAT T T CT T CGCATGTAC CCGCAGTAGC AT T CAAGTAA TGCCCT T TGA T
AT T TATGCGT TGGAGAGACC GT T T CT TAT T T TGTGCCGAA GCTAT T T T TA AAT CACAAGC TGAAACAGGT GAAAT CAAAG G
T T T CACCTGT T T CAGCT TGT GAT T TAAAAA TAGCT T CGGC ACAAAATAAG AAACGGTCT C T CCAACGCAT AAATGGT TGG G
GGCAT TACT T GAATGCTACT GCGGGTACAT GCGAAGAAAT GATGAAAAGG GCTATA - - - - - - T T TGCCAG AGAAT TGGG- -
GAGT T CACGT T CT CAT CAT C T T TAGTAAAA T CAAGGCCAC CACGAAGACA T T CATAAACA GCT CTACCGT AGT T T T TAGC G
- - - - AGT T CC TAT CGTAATG CATGACTAC- - - CT AACAGG GGGAT T CACT GCAAAT - - - A CTAGCT TGGC T CA - - T T AT T G
GGATAACCCC AAT T TAGGT T TAATAGTACA T CCCAACAGG GGACGACCAT ACT TGT T CAA T T TAT CT CT C T CAACT TGGA T
GCCGAGATAA TGGT CTACT T CT T CACAT T C A - CCGCGAAT CAAAAGGTCG AGATATGGT C TA - - CT T CT T CCAT CCACCG C
T CCAATGAGG CGATACGCGA ACTAGTAT TG AT CCAAGTAT CCAT TGCCTG AACT CAAAT T TAAT CT CCT T CCATACT T CA C
CGCAATGCAT GCAGT TA - - - - - - - - - - T TG ATAGACAGAA GAAT CATGGT ATACACT T CC GTGTACTAGC TAAAGCGT TA C
CAAGCAGCAG CTAGT T CAGG ACT CCAT T TG GTAGCCT CAC GGATAAT T T C AT TACCCT CA GT - - - - - AGC AAGAT CG- - - C
CGTATGT CTG GTGGAGAT CA TAT T CAT T CC GGTACCG- T A GTAGGTAAAC T TGAAGGGGA AAGAGAAAT C ACT T TGGGCT T
CGT CCCT CAT TACGAGCCTG TACACATGCT T CTAGAGCTA CT CGAT TAGC TACGGCACCG GGTGCAT T T C CCCAAGGGTG C
T TGT TGAT T T ACTGCGTGAT GAT T T TAT TG AAAAAGATAG AAGT CGCGGT AT T TAT T T CA CCCAAGAT TG G- GT CT CT CT A
CCCTAAAGT T CCT CCACCGA ACTGTAGT - - - - - - - - ACGG AAT CAT CT CC AAAGAT CT CG GTCAGAGCAG GCATATGCCA A
ACCAGGTGT T CTGCCTGTAG CT T CGGGCGG TAT T CACGT T TGGCATATGC CTGCT CTGAC CGAGAT CT T T GGAGATGAT T C
AACGTGAATA CCGCCCGAAG CTACAGGCAG AACACCTGGT AGAGAGAC- C CAAT CT TGGG TGAAATAAAT ACCGCGACT T C
CCGTACTACA GT T CGGTGGA GGAACT T TAG GGCACCCT TG GGGAAATGCA CCCGGTGCCG TAGCTAAT CG AGTAGCT CTA G




GAAGCATGTG TACAGGCT CG TAATGAGGGA CGCGAT CT TG CTACTGAGGG TAATGAAAT T AT CCGTGAGG CTACCAAATG G
CAAGT T TACC TACTACGGTA CCGGAATGAA TATGAT CT - - CCACCAGACA TACGTAACGC T T TAGCTAGT ACACGGAAGT G
GAGTCCTGAA CTAGCTGCTG CT TGTGAAGT ATGGAAGGAG AT TAAAT T TG AGT T T CAGGC AATGGATACT T TGGAT CAAT A
GTATACCATG AT T - CT T CTG T CTAT CAATA ACTGCATGCA T TGCGCGGTG GATGTGAAGA AGTAGAC- CA T TAT CT CGGC A
AACT T T CGT T CT CT TAAT TG AAT TGCAAT T AAACT CGGCC CAAT CAA
AATAATGAGC CAAGCTAGT - AT T TGCGGGG AAT CCC- - - - - - - - CCA
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L. sativa rbcL gene restriction sites using designed primers (forward strand)
CTAAAAT TGAAAGTATGGT CGT CCCTGT TGGGTGTACTAT TAAACCTAAAT TGGGGT TAT CCGCTAAAAACTACGGCAGAGCTGT T TATGAAT
ATGT CT T CGTGGTGGCCT TGAT T T TACTAAAGATGATGAGAACGTGAACT CCCAACCAT T TATGCGT TGGAGAGACCGT T T CT TAT T T TGTGCC
CCGAAGCTAT T T T TAAAT CACAAGCTGAAACAGGTGAAAT CAAAGGGCAT TACT TGAATGCTACTGCGGGTACATGCGAAGAAATGATGAAAAG
AGGGCTATAT T TGCCAGAGAAT TGGGAGT T CCTAT CGTAATGCATGACTACCTAACAGGGGGAT T CACTGCAAATACTAGCT TGGCT CAT TAT T
T TGCCGAGATAATGGT CTACT T CT T CACAT T CACCGCGAAT CAAAAGGTCGAGATATGGT CTACT T CT T CCAT CCACCGCGCAATGCATGCAGT
GT TAT TGATAGACAGAAGAAT CATGGTATACACT T CCGTGTACTAGCTAAAGCGT TACGTATGT CTGGTGGAGAT CATAT T CAT T CCGGTACCG
CGTAGTAGGTAAACT TGAAGGGGAAAGAGAAAT CACT T TGGGCT T TGT TGAT T TACTGCGTGATGAT T T TAT TGAAAAAGATAGAAGT CGCGGT
GTAT T TAT T T CACCCAAGAT TGGGTCT CT CTACCAGGTGT T CTGCCTGTAGCT T CGGGCGGTAT T CACGT T TGGCATATGCCTGCT CTGACCGA
GAGAT CT T TGGAGATGAT T CCGTACTACAGT T CGGTGGAGGAACT T TAGGGCACCCT TGGGGAAATGCACCCGGTGCCGTAGCTAAT CGAGTAG
AGCT CTAGAAGCATGTGTACAGGCT CGTAATGAGGGACGCGAT CT TGCTACTGAGGGTAATGAAAT TAT CCGTGAGGCTACCAAATGGAGTCCT
CTGAACTAGCTGCTGCT TGTGAAGTATGGAAGGAGAT TAAAT T TGAGT T T CAGGCAATGGATACT T TGGAT CAATAACT T T CGT T CT CT TAAT T
T TGAAT TGCAAT TAAACT CGGCCCAAT CAA
1
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L. sativa rbcL gene restriction sites using designed primers (reverse strand)
CGCCGGCATATGAGCAGCTAGTAT T TGCAGTGAT CCCCCTGT TAGGTAGT CATGCAT TACGATAGGAACT CCCAAT T CT CTGGCAAATATAGC
GCCCT T T T CAT CAT T T CT T CGCATGTACCCGCAGTAGCAT T CAAGTAATGCCCT T TGAT T T CACCTGT T T CAGCT TGTGAT T TAAAAATAGCT T
T T CGGCACAAAATAAGAAACGGT CT CT CCAACGCATAAATGGT TGGGAGT T CACGT T CT CAT CAT CT T TAGTAAAAT CAAGGCCACCACGAAGA
GACAT T CATAAACAGCT CTACCGTAGT T T T TAGCGGATAACCCCAAT T TAGGT T TAATAGTACAT CCCAACAGGGGACGACCATACT TGT T CAA
AAT T TAT CT CT CT CAACT TGGAT CCAATGAGGCGATACGCGAACTAGTAT TGAT CCAAGTAT CCAT TGCCTGAACT CAAAT T TAAT CT CCT T CC
CCATACT T CACAAGCAGCAGCTAGT T CAGGACT CCAT T TGGTAGCCT CACGGATAAT T T CAT TACCCT CAGTAGCAAGAT CGCGT CCCT CAT TA
TACGAGCCTGTACACATGCT T CTAGAGCTACT CGAT TAGCTACGGCACCGGGTGCAT T T CCCCAAGGGTGCCCTAAAGT T CCT CCACCGAACTG
TGTAGTACGGAAT CAT CT CCAAAGAT CT CGGT CAGAGCAGGCATATGCCAAACGTGAATACCGCCCGAAGCTACAGGCAGAACACCTGGTAGAG
AGAGACCCAAT CT TGGGTGAAATAAATACCGCGACT T CTAT CT T T T T CAATAAAAT CAT CACGCAGTAAAT CAACAAAGCCCAAAGTGAT T T CT
CT CT T T CCCCT T CAAGT T TACCTACTACGGTACCGGAATGAATATGAT CT CCACCAGACATACGTAACGCT T TAGCTAGTACACGGAAGTGTAT
ATACCATGAT T CT T CTGT CTAT CAATAACTGCATGCAT TGCGCGGTGGATGTGAAGAAGTAGACCAT TAT CT CGGCAATAATGAGCCAAGCTAG
AGTAT T TGCGGGGAAT CCCCCA
1
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- MS Word, Excel, PowerPoint, NCBI, RefWorks, Endnote, Windows OS, Mac OS, Open 
Office, and multiple literature search databases
- Excellent record keeping (accurate and organized notebooks in school and 
laboratory positions
- Planning and executing research projects and data analysis (Masters and laboratory)
- Strong written, verbal, and presentation skills (thesis, abstracts, oral and poster 
presentations, teaching)
TEACHING EXPERIENCE: 
Eastern Washington University, Cheney, Washington           June 2010-Jun 2011
Graduate Teaching Assistant/Instructor  
- Molecular Biology (3 quarters) - Assisted students in the laboratory with 
general molecular biology techniques eq. PCR, primer design, BLAST.
- Microbiology (2 quarters) – Assisted multiple laboratories of undergraduates in 
the pre-allied health and biotechnology field. Students learned basic principles 
and methods in microbiology.  
EDUCATION
Graduate
Eastern Washington University, Cheney, WA                 Sept 2009-April 2013
M.S. Biological Sciences 
Thesis: DNA Barcoding of Jatropha curcas
Awards 
Eastern Washington University Symposium Award                            June 2010 
Eastern Washington University Symposium Award                   June 2011
Undergraduate 
Eastern Washington University, Cheney, WA                  Sept 2006-June 2009
B.S. Biological Sciences
Awards
Undergraduate Dean’s List                   Dec 2008
Undergraduate Dean’s List                               Mar 2009
Relevant Coursework (undergraduate and graduate) 
Directly relevant coursework: 
- Molecular Biology with Lab (15 credits)
- Cellular Biology (5 credits) 
- Genetics with Lab (4 credits) 
- Biological Investigation (3 credits)
- Bioinformatics (3 credits)
Supportive coursework:
-Immunology (5 credits) 
-Epidemiology (5 credits) 
-Virology (5 credits)
-Chemistry with Lab (15 credits)
PROFESSIONAL DEVELOPMENT AND CONFERENCES: 
EWU Spring Symposium, Cheney, WA (Oral Presenter)                           June 2010 
EWU Quarterly Seminar, Cheney, Wa (Poster Presentation)                  Dec 2010    
EWU Spring Symposium, Cheney, WA (Oral Presenter)         June 2011
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